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Sir: 

This brief is filed in support of the Notice of Appeal filed on May 21, 2003. This 
brief is in support of an appeal from the final action of the Primary Examiner mailed 
November 25, 2002, and the subsequent Advisory Action mailed March 18, 2003. 



I. THF RFAI PA RTY IN INTFRFST 

The real parties in interest are Heidelberg Digital, L.L.C., assignee of this 
application, and Heidelberger Druckmaschinen AG. 
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||. RFI ATFD APPFAI S AND IN TFRFFRFNCES 

Appellant believes there are no related interferences or appeals that will have 
any bearing on this appeal. 

5 III. STATUS OF THF CLAIMS 

Claims 1-20 are pending in the application; claims 3-7, 10-15, 19, and 20 are 
allowed, and claims 1, 2, 8, 9, and 16-18 have been rejected. Appeal is taken on the 
rejected claims. 

10 IV. STATUS OF T HF AMFNDMFNTS 

Claims 3, 4, 1 1, 15, and 19 have been amended once to make them 
independent claims. Claims 7, 10, and 20 have been amended twice, first to correct an 
antecedent basis issue, and secondly to make them independent claims. Claims 9, 16, 
and 17 have been amended once to correct clerical errors. These changes did not 
15 include any new matter, and in no way changed the scope of the claims. All 

amendments were entered by the Examiner. The appealed claims are included in 
Appendix A of this brief. 

V. SUMMARY OF THF INN/FNTION AND ITS II I USTRATIVE FMRODIME NT 

20 

In high speed electrostatographic reproduction apparatus, it is a common 
practice to employ an elongated photoconductive belt or web adapted to record 
transferable images while the web is moving in a path in operative relation with various 
process stations. Typically the web is supported by, and driven about, at least one 

25 roller. With a roller support, there is a tendency for the moving web to shift laterally, or 
cross-track, with respect to such a roller. Electrostatographic reproduction apparatus 
therefore typically utilize servo-actuated or self-actuated steering rollers. While such 
steering rollers generally correct in a gross manner the cross-track shifting of the web, 
they tend to produce significant lateral movement of the web at an uneven rate as it is 

30 re-aligned. 

In a closed loop web/roller system 8, at least one steering roller 10 is provided; 
that is the roller which is free to move in some fashion so as to "steer" the web laterally 
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(parallel to the steering roller 10 longitudinal axis 9) to bring it to the desired position. 
One way in which a roller may move is by "gimballing" the roller; i.e. by mounting the 
roller for pivotal movement about a gimbal axis 6, which is parallel to the direction of 
linear movement of the entering web, and which preferably intersects the longitudinal 

5 axis 9 of the roller at the midpoint of the roller. 

Another way in which a roller may move is by mounting the roller for pivotal 
movement about a caster axis 7, which is an axis perpendicular to the gimbal axis, 
which intersects the gimbal axis 6 upstream of the roller. A roller may be both 
"castered" and "gimbaled", which means that such a roller is able to pivot about both the 

10 caster axis 7 and the gimbal axis 6. 

According to an aspect of the invention, a method of web tracking adjustment for 
guiding a moving web 2 in a predetermined path of travel relative to a stationary frame 
4 comprises biasing a steering roller 10 in a gimbal direction, and adjusting the bias to 
achieve desired tracking. By biasing the steering roller 10 in a gimbal direction it is 

is meant that the steering roller is pivoted about the gimbal axis 6 such that the web 2 on 
the downstream side of the steering roller 10 is not perpendicular to the longitudinal 
axis 9 of the steering roller 10. This can be seen in Figure 2, which is a top view of the 
web/roller system 8, laid out flat for viewing purposes. 

In a preferred embodiment, the steering roller 10 is biased by a spring 20 having an 

20 end one 22 and an end two 24 mounted between the frame 4 and one end of the 
steering roller 10 such that the spring end one 22 is mounted to the frame 4, and the 
spring end two 24 is mounted to the steering roller 10, such that the spring 20 applies a 
rotational force on the steering roller 10 about a gimbal axis 6. According to an aspect 
of the invention, a means for adjustment is accomplished by applying a pre-load to the 

25 spring 20 to achieve the desired tracking. One method for applying this pre-load is by 
attaching a mounting nut 26 to the spring end one 22, and threading a mounting screw 
28 through the frame 4, such that the mounting nut 26 is threaded onto the mounting 
screw 28 to apply the desired pre-load on said spring. 
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VI. ISSUFSON APPEAL 

A) The non-anticipation of claims 1, 2, 9, and 16-18, by Moe et al. 

B) The non-anticipation of claims 1 and 8 by Morse (USP 3,913,813). 

5 C) The non-anticipation of claims 1 and 8 by Morse et al (USP 3,608,796). 



VII. 


THF A 


3TRFI IFDON RY THE EXA 


MINER 


Moe et al 


USP 5,659,851 


8/19/1997 


Morse 


USP 3,913,813 


10/21/1975 


Morse et al 


USP 3,608,796 


9/28/1971 
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VIII. OROUPINO OF THF CLAIMS 

Claims 1 , 2, 9, and 16-18 have been rejected under 35 U.S.C. 102 as being 
is anticipated by Moe et al. Claims 1 and 8 have been rejected under 35 U.S.C. 102 as 
being anticipated by Morse (USP 3,913,813). Claims 1 and 8 have been rejected under 
35 U.S.C. 102 as being anticipated by Morse et al (USP 3,608,796). As described in 
the arguments below, Appellant considers each of these claims to be separately 
patentable. Appellant requests that the claims be considered individually. 

20 

IV APFI I ANT'S ARfiMMFNTS 

A) THF NON-ANTICIPATION O F CI AIMS 1 ? 9 and 16-18 RY Moe et al. 

25 Claims 1, 2, 9, and 16-18 stand rejected under 35 U.S.C. 102 as being 

anticipated by Moe et al. With respect to claims 1, 2, 17, and 18, applicants 
respectfully requested the Examiner identify where Moe et al discloses "A method of 
web tracking adjustment for guiding a moving web in a predetermined path of travel 
relative to a stationary frame, comprising: biasing a steering roller in a gimbal direction; 
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and, adjusting said bias to achieve desired tracking" (applicant's claim 1) so applicants 
could adequately respond. The Examiner responded by stating that "Moe et al (US 
5,659,851) discloses biasing the steering roller (14) in the gimbal direction (56) through 
the use of springs (80). " The axis (56) of Moe et al. is not the gimbal direction. Moe et 
5 al. calls it the "steering axis 56", which corresponds to the "gimbal axis" of the captioned 
application. Applicants respectfully submit that the Examiner's construction of Moe et 
al. is in error. Further, the springs (80) of Moe et al are repeatedly referred to as "pivot 
resisting means" (column 7, lines 3-5, and lines 46-47) which are there to resist bias, 
not to cause bias. Therefore, since Moe et al does not disclose this limitation, appellant 

10 requests reversal of the Examiner regarding rejection of claims 1 , 2,17, and 18. 

Examiner further states that Moe et al discloses "a means for adjusting (94)(96)", 
but applicant's claim requires "adjusting said bias to achieve desired tracking." 
Examiner has not shown that (94) and (96) adjust the bias to achieve desired tracking. 
Moe et al. describes Item (94) as "a tension adjusting disc (94)" and item (96) as a 

is "tension releasing cam (96)" [column 8, lines 28-29]. These are used "to quickly engage 
or release the tension applied by the coil spring (88)" which "biases the carriage pin 
toward the steering roller" (column 8 lines 30-40). This is a force along the gimbal axis, 
which does not cause bias in the gimbal direction. As defined, by biasing the steering 
roller 10 in a gimbal direction it is meant that the steering roller is pivoted about the 

20 gimbal axis 6 such that the web 2 on the downstream side of the steering roller 10 is not 
perpendicular to the longitudinal axis 9 of the steering roller 10. "A claim is anticipated 
only if each and every element as set forth in the claim is found, either expressly or 
inherently described in a single prior art reference" [MPEP 2131 quoting Verdegaal 
Bros. v. Union Oil Co. of California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. 

25 Cir. 1987). Therefore, since Moe et al does not disclose this limitation, appellant 
requests reversal of the Examiner regarding rejection of claims 1, 2,17, and 18. 

With regard to claims 2 and 18, Moe et al does not disclose "a lateral constraint" 
wherein the bias "allows the web to ride against said lateral constraint without damaging 
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the web." Therefore, since Moe et al does not disclose this limitation, appellant requests 
reversal of the Examiner regarding rejection of claims 2 and 18 on this basis. 

With regard to claims 9 and 16, applicants respectfully requested that Examiner 
identify where Moe et al discloses "a gimbaled steering roller having a lateral 

5 constraint; a means for biasing said steering roller in a gimbal direction; and, a means 
for adjusting said bias to achieve desired tracking" so applicants could adequately 
respond. Examiner responded by stating that Moe et al disclosed a "means for biasing 
(80) in a gimbal direction (56); a means for adjusting (94)(96)." However, as stated 
above, the axis (56) of Moe et al. is not the gimbal direction. Moe et al. calls it the 

10 "steering axis 56", which corresponds to the "gimbal axis" of the captioned application. 
Further, flat springs (80) are not a means for biasing, but rather a means for resisting 
bias. Further, as stated above, items (94) and (96) are not "means for adjusting said 
bias to achieve desired tracking." Therefore, since Moe et al does not disclose these 
limitations, appellant requests reversal of the Examiner regarding rejection of claims 9 

is and 16. 

R) THF NION-ANTIP.IPATION OF CA AIMS 1 and B by Morse a JSP 3 913.813V 

20 Claims 1 and 8 stand rejected under 35 U.S.C. 102 (b) as being 

anticipated by Morse. (3,913,813). Examiner states that Morse discloses "biasing the 
steering roller (1 1) in the gimbal direction (20) through the use of resilient wire (61)." 
The axis (20) of Morse is not the gimbal direction. Morse refers to (20) as a "gimbal 
axis." Applicants respectfully submit that the Examiner's construction of Morse 

25 (3,913,813) is in error. Further, resilient wire (61) does not bias a steering roller in a 
gimbal direction, but constrains the roller to reduce the freedom of movement to "pivotal 
movement about gimbal axis (20) and castering axis (30)" (column 6, lines 15-23). 
Therefore, since Morse (USP 3,913,813) does not disclose this limitation, appellant 
requests reversal of the Examiner regarding rejection of claims 1 and 8 on this basis. 
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The Examiner furthers states that Morse (3,913,813) discloses "adjusting the 
bias (60)(70)(72)". However, the yoke/screw assembly (70)(72) in Morse results in a 
force about the caster axis (30), not the gimbal axis (20) (see Figures 2a and 2b). 
Therefore, since Morse (USP 3,913,813) does not disclose this limitation, appellant 
5 requests reversal of the Examiner regarding rejection of claims 1 and 8 on this basis. 

C) THF NON-ANTICIPATION OF Ct AIMS 1 and 8 hy Morse et al (USP 3.608.796). 

Claims 1 and 8 stand rejected under 35 U.S.C. 102(b) as being anticipated by 

10 Morse et al (3,608,796). Examiner states that Morse et al discloses "biasing the 
steering roller (2) in the gimbal direction (34) through the use of flexure arm (40) and 
the U-shaped spring bracket 52." The axis (34) of Morse et al is not the gimbal 
direction. Morse et al refers to (34) as a "gimbal axis." Further, flexure arm (40) is used 
to "adjustably position the roller about axis 32" (column 2, lines 68-69), which is the 

is caster axis. The U-shaped bracket (52) "exerts a force on flexure 40 in the direction of 
arrow 54" (column 3 lines 11-12). A force in the direction (54) would cause movement 
about the caster axis (32), not the gimbal axis (34) (see Figure 1). Therefore, since 
Morse et al (USP 3,608,796) does not disclose this limitation, appellant requests 
reversal of the Examiner regarding rejection of claims 1 and 8 on this basis. 

20 Examiner further states Morse et al discloses "adjusting the bias (36)(44)(46)." 

The adjustment features Examiner refers to (36)(44)(46) are to position the roller (2) 
about the adjustment axis (32) (see column 2 lines 59-70), not the gimbal axis. "A 
claim is anticipated only if each and every element as set forth in the claim is found, 
either expressly or inherently described in a single prior art reference" [MPEP 2131 

25 quoting Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 628, 631 , 2 USPQ2d 
1051, 1053 (Fed. Cir. 1987). Therefore, since Morse et al (USP 3,608,796) does not 
disclose this limitation, appellant requests reversal of the Examiner regarding rejection 
of claims 1 and 8 on this basis. 
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IX. SUMMARY 

Appellant's claimed Web tracking adjustment device and method through use of 
a biased gimbal as described in claims 1, 2, 8, 9, and 16-18 is distinct and patentably 
defined over the cited references as applied by the Examiner. Appellant requests 
5 reversal of the final rejection of Claims 1,2,8, 9, and 16-18. 



Respectfully submitted, 

'Kathleen <<. Bowen 
Attorney for Appellant 
15 Reg. No. 42,352 

(330) 945-693J 

Date: ^ ' ® 3 
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JUL 2 



%?.E¥i^A method of web tracking adjustment for guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 

adjusting said bias to achieve desired tracking. 
2. The method of claim 1 wherein said steering roller has a lateral constraint, 
and said bias allows the web to ride against said lateral constraint without 
damaging the web. 

8. The method of claim 1 wherein said steering roller is mounted to said 
stationary frame in such a manner as to allow said steering roller to pivot about a 
caster axis. 

9. (once amended) A web tracking apparatus for guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 

a means for biasing said steering roller in a gimbal direction; and, 

a means for adjusting said bias to achieve desired tracking. 

1 6. (once amended) The web tracking apparatus of claim 9 further comprising 
a stop for preventing said steering roller from rotating too far in the gimbal 
direction. 

1 7. (once amended) A method of web tracking adjustment for guiding a 
photoconductor loop in a electrostatographic reproduction apparatus on a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 
adjusting said bias to achieve desired tracking. 

18. The method of claim 17 wherein said steering roller has a lateral 
constraint, and said bias allows the web to ride against said lateral constraint 
without damaging the web. 
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ij 

/J?j, 06 »"^method of web tracking adjustment for guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 
biasing a steering roller in a gimbal direction; and, 
adjusting said bias to achieve desired tracking. 

2. The method of claim 1 wherein said steering roller has a lateral constraint, 
and said bias allows the web to ride against said lateral constraint without 
damaging the web. 

3. (once amended) A method of web tracking adjustment for guiding a 
moving web in a predetermined path of travel relative to a stationary frame, 
comprising: 

biasing a steering roller in a gimbal direction wherein said bias allows the 
web to ride against a lateral constraint without damaging the web, and wherein 
said steering roller is mounted on a roller shaft, and said lateral constraint 
comprises an edge guide which is rotatably mounted on said roller shaft and is 
axially slidable relative thereto; and, 

adjusting said bias to achieve desired tracking. 33 

4. (once amended) A method of web tracking adjustment for guiding a Jj£ 
moving web in a predetermined path of travel relative to a stationary frame, ""0 
comprising: 

biasing a steering roller in a gimbal direction wherein said bias allows the O 
web to ride against a lateral constraint without damaging the web, wherein said 
steering roller is biased by a spring having an end one and an end two mounted 
between the frame and one end of said steering roller such that said spring end 
one is mounted to said frame, and said spring end two is mounted to said 
steering roller, such that said spring applies a rotational force on said steering 
roller about a gimbal axis; and, 

adjusting said bias to achieve desired tracking. 

5. The method of claim 4 wherein said adjustment comprises applying a pre- 
load to said spring to achieve desired tracking. 

6. The method of claim 5 wherein said spring is mounted to said frame by 
attaching a mounting nut to said spring end one, and threading a screw through 




the frame, such that said mounting nut is threaded onto said screw to apply the 
desired pre-load on said spring. 

7. (twice amended) A method of web tracking adjustment for guiding a 
moving web in a predetermined path of travel relative to a stationary frame, 
comprising: 

biasing a steering roller in a gimbal direction; 

adjusting said bias to achieve desired tracking, and further comprising a 
housing and spring flexures, wherein said housing is pivotally mounted to said 
frame such that said housing pivots about a gimbal axis, and wherein said 
steering roller is mounted on a roller shaft, which said shaft is in turn mounted to 
said housing by said spring flexures, such that said spring flexures allow said 
steering roller to pivot about a caster axis, while said housing allows said steering 
roller to pivot about a gimbal axis. 

8. The method of claim 1 wherein said steering roller is mounted to said 
stationary frame in such a manner as to allow said steering roller to pivot about a 
caster axis. 

9. (once amended) A web tracking apparatus for guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 

a means for biasing said steering roller in a gimbal direction; and, 

a means for adjusting said bias to achieve desired tracking. 

10. (twice amended) A web tracking apparatus for a guiding a moving web in 
a predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 
a means for biasing said steering roller in a gimbal direction; and, 
a means for adjusting said bias to achieve desired tracking, and further 
comprising a housing and spring flexures, wherein said housing is pivotally 
mounted to said frame such that said housing pivots about a gimbal axis of said 
steering roller, and wherein said steering roller is mounted on a roller shaft, which 
said shaft is in turn mounted to said housing by said spring flexures, such that 



said spring flexures allow said steering roller to pivot about a caster axis, while 
said housing allows said steering roller to pivot about a gimbal axis. 

1 1 . (once amended) A web tracking apparatus for a guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 

a means for biasing said steering roller in a gimbal direction, wherein said 
means for biasing said steering roller in the gimbal direction comprises a spring 
having an end one and an end two mounted between the frame and one end of 
said steering roller such that said spring end one is mounted to said frame, and 
said spring end two is mounted to said steering roller, such that said spring 
applies a rotational force on said steering roller about a gimbal axis; and, 

a means for adjusting said bias to achieve desired tracking. 

12. The web tracking apparatus of claim 1 1 wherein said means for adjusting 
said bias comprises applying a pre-load to said spring to achieve desired 
tracking. 

13. The web tracking apparatus of claim 12 wherein said spring is mounted to 
said frame by attaching a mounting nut to said spring end one, and threading a 
screw through the frame, such that said mounting nut is threaded onto said 
screw to apply the desired pre-load on said spring. 

14. The web tracking apparatus of claim 9 wherein said steering roller is 
mounted on a roller shaft. 

15. (once amended) A web tracking apparatus for a guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint wherein said steering 
roller is mounted on a roller shaft, and wherein said lateral constraint comprises 
an edge guide which is rotatably mounted on said roller shaft and is axially 
slidable relative thereto; 

a means for biasing said steering roller in a gimbal direction; and, 
a means for adjusting said bias to achieve desired tracking. 




16. (once amended) The web tracking apparatus of claim 9 further comprising 
a stop for preventing said steering roller from rotating too far in the gimbal 
direction. 

17. (once amended) A method of web tracking adjustment for guiding a 
photoconductor loop in a electrostatographic reproduction apparatus on a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 
adjusting said bias to achieve desired tracking. 

18. The method of claim 17 wherein said steering roller has a lateral 
constraint, and said bias allows the web to ride against said lateral constraint 
without damaging the web. 

19. (once amended) A method of web tracking adjustment for guiding a 
photoconductor loop in a electrostatographic reproduction apparatus on a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction wherein said steering roller 
has a lateral constraint, and said bias allows the web to ride against said lateral 
constraint without damaging the web, and wherein said steering roller is mounted 
on a roller shaft, and said lateral constraint comprises an edge guide which is 
rotatably mounted on said roller shaft and is axially slidable relative thereto; and, 

adjusting said bias to achieve desired tracking. 

20. (twice amended) A method of web tracking adjustment for guiding a 
photoconductor loop in a electrostatographic reproduction apparatus on a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 

adjusting said bias to achieve desired tracking, and further comprising a 
housing and spring flexures, wherein said housing is pivotally mounted to said 
frame such that said housing pivots about a gimbal axis, and wherein said 
steering roller is mounted on a roller shaft, which said shaft is in turn mounted to 
said housing by said spring flexures, such that said spring flexures allow said 
steering roller to pivot about a caster axis, while said housing allows said steering 
roller to pivot about a gimbal axis. 




APPENDIX C 




FIG-3 





APPENDIX D 




United Siyj 




BVTENT Afrfefr TRADEMARK OFFICE 



UNITED STATES DEPARTMENT OF COMMERCE 

United States Potent and Trademark Office 

Address: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington. D.C. 20231 

www.uspto.gov 



APPLICATION NO- 



FILING DATE 



FIRST NAMED INVENTOR 



ATTORNEY DOCKET NO. 



CONFIRMATION NO. 



09/772,177 



01/29/2001 



Timothy J. Young 



10030 



9720 



7590 03/1872003 

Kathleen K. Bowen 
311 Hillbrook Dr. 
Cuyahoga Falls, OH 44223 



EXAMINER 



PHAM, MINH CHAU 



ART UNIT 



PAPER NUMBER 



3654 

DATE MAILED: 03/18/2003 



Please find below and/or attached an Office communication concerning this application or proceeding. 



RECEIVED 

JUL 2 5 2003 

GROUP 36C0 



PTO-90C (Rev. 07-01) 



Advisory Actio 




Application No. 

09/772,177 



Examiner 

Minh-Chau Pham 



Applicant(s) 

YOUNG ET AL 



Art Unit 

3654 




-The MAILING DATE of this comifti/tHgttid?! appears on the cover sheet with the correspondence address 



THE REPLY FILED 25 February 2003 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE. 
Therefore, further action by the applicant is required to avoid abandonment of this application. A proper reply to a 
final rejection under 37 CFR 1.113 may only be either (1) a timely filed amendment which places the application in 
condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for Continued 
Examination (RCE) in compliance with 37 CFR 1.114. 

PERIOD FOR REPLY [check either a) or b)] 

a) S The period for reply expires 3_months from the mailing date of the final rejection. 

b) Q The period for reply expires on: (1 ) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later, tn no 

event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection. 

ONLY CHECK THIS BOX WHEN THE FIRST REPLY WAS FILED WITHIN TWO MONTHS OF THE FINAL REJECTION. See MPEP 

706.07(f). 

Extensions of time may be obtained under 37 CFR 1 .136(a). The date on which the petition under 37 CFR 1 .136(a) and the appropriate extension fee 
have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension fee under 
37 CFR 1.17(a) is calculated from: (1 ) the expiration date of the shortened statutory period for reply originally set in the final Office action; or (2) as set forth in 
(b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if timely filed, may reduce any 
earned patent term adjustment See 37 CFR 1.704(b). 



1 □ A Notice of Appeal was filed on . 



Appellant's Brief must be filed within the period set forth in 



37 CFR 1.192(a), or any extension thereof (37 CFR 1.191(d)), to avoid dismissal of the appeal. 

2. D The proposed amendment(s) will not be entered because: 

(a) □ they raise new issues that would require further consideration and/or search (see NOTE below); 

(b) □ they raise the issue of new matter (see Note below); 

(c) □ they are not deemed to place the application in better form for appeal by materially reducing or simplifying the 

issues for appeal; and/or 

(d) □ they present additional claims without canceling a corresponding number of finally rejected claims. 

NOTE: 

3. E3 Applicant's reply has overcome the following rejections): claims 3-7. 10-15. 19-20 are now allowable . 

_ would be allowable if submitted in a separate, timely filed amendment 



4.D Newly proposed or amended claim(s) _ 
canceling the non-allowable claim(s). 

5M The a)D affidavit, b)D exhibit, or c)I3 request for reconsideration has been considered but does NOT place the 
application in condition for allowance because: See Continuation Sheet . 

6. Q The affidavit or exhibit will NOT be considered because it is not directed SOLELY to issues which were newly 

raised by the Examiner in the final rejection. 

7. M For purposes of Appeal, the proposed amendment(s) a)D will not be entered or b)El will be entered and an 

explanation of how the new or amended claims would be rejected is provided below or appended. 

The status of the claim(s) is (or will be) as follows: 
Claim(s) allowed: 3-7.1 0-15.1 9 and 20 . 

Claim(s) objected to: JUL 2 5 2003 

Claim(s) rejected: 1.2.8.9 and 16-18 . 
Claim(s) withdrawn from consideration: _ 

8. Q The proposed drawing correction filed on . 

9. D Note the attached Information Disclosure Statement(s)( PTO-1449) Paper No(s). . 

10. D Other: 

MICHAEL R. MANSEN 
PRIMARY EXAMINER 



RECEIVED 



GROUP 3630 



is a)D approved or b)D disapproved by the Examiner. 



U.S. Patent and Trademark Office 
PTO-303 (Rev. 04-01) 



Advisory Action 



Part of Paper No. 8 



Continuation Sheet (PTO-303) Application No. 

09/772,177 



Continuation of 5. does NOT place the application in condition for allowance because: applicants' arguments are not persuasive and do 
not show how the claims do not read on the prior art. 
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Washington, D.C. 20231 
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In response to the office action mailed on November 25, 2002: please 
amend the application as follows: 
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Please rewrite claim 3 without prejudice or disclaimer as follows: 

3. (once amended) A method of web tracking adjustment for guiding a 
moving web in a predetermined path of travel relative to a stationary frame, 
comprising: 

biasing a steering roller in a gimbal direction wherein said bias allows the 
web to ride against a lateral constraint without damaging the web, and wherein 
said steering roller is mounted on a roller shaft, and said lateral constraint 
comprises an edge guide which is rotatably mounted on said roller shaft and is 
axially slidable relative thereto; and, 

adjusting said bias to achieve desired tracking. 

Please rewrite claim 4 without prejudice or disclaimer as follows: 

4. (once amended) A method of web tracking adjustment for guiding a 
moving web in a predetermined path of travel relative to a stationary frame, 
comprising: 

biasing a steering roller in a gimbal direction wherein said bias allows the 
web to ride against a lateral constraint without damaging the web, wherein said 
steering roller is biased by a spring having an end one and an end two mounted 
between the frame and one end of said steering roller such that said spring end 
one is mounted to said frame, and said spring end two is mounted to said 
steering roller, such that said spring applies a rotational force on said steering 
roller about a gimbal axis; and, 

adjusting said bias to achieve desired tracking. 

Please rewrite claim 7 without prejudice or disclaimer as follows: 

7. (twice amended) A method of web tracking adjustment for guiding a 

moving web in a predetermined path of travel relative to a stationary frame, 

comprising: 

biasing a steering roller in a gimbal direction; 

adjusting said bias to achieve desired tracking, and further comprising a 
housing and spring flexures, wherein said housing is prvotally mounted to said 
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frame such that said housing pivots about a gimbal axis, and wherein said 
steering roller is mounted on a roller shaft, which said shaft is in turn mounted to 
said housing by said spring flexures, such that said spring flexures allow said 
steering roller to pivot about a caster axis, while said housing allows said steering 
roller to pivot about a gimbal axis. 

Please rewrite claim 10 without prejudice or disclaimer as follows: 

1 0. (twice amended) A web tracking apparatus for a guiding a moving web in 
a predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 
a means for biasing said steering roller in a gimbal direction; and, 
a means for adjusting said bias to achieve desired tracking, and further 
comprising a housing and spring flexures, wherein said housing is pivotally 
mounted to said frame such that said housing pivots about a gimbal axis of said 
steering roller, and wherein said steering roller is mounted on a roller shaft, which 
said shaft is in turn mounted to said housing by said spring flexures, such that 
said spring flexures allow said steering roller to pivot about a caster axis, while 
said housing allows said steering roller to pivot about a gimbal axis. 

Please rewrite claim 1 1 without prejudice or disclaimer as follows: 

1 1 . (once amended) A web tracking apparatus for a guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 

a means for biasing said steering roller in a gimbal direction, wherein said 
means for biasing said steering roller in the gimbal direction comprises a spring 
having an end one and an end two mounted between the frame and one end of 
said steering roller such that said spring end one is mounted to said frame, and 
said spring end two is mounted to said steering roller, such that said spring 
applies a rotational force on said steering roller about a gimbal axis; and, 

a means for adjusting said bias to achieve desired tracking. 
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Please rewrite claim 15 without prejudice or disclaimer as follows: 

1 5. (once amended) A web tracking apparatus for a guiding a moving web in a 

predetermined path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint wherein said steering 
roller is mounted on a roller shaft, and wherein said lateral constraint comprises 
an edge guide which is rotatably mounted on said roller shaft and is axially 
slidable relative thereto; 

a means for biasing said steering roller in a gimbal direction; and, 
a means for adjusting said bias to achieve desired tracking. 

Please rewrite claim 19 without prejudice or disclaimer as follows: 

1 9. (once amended) A method of web tracking adjustment for guiding a 
photoconductor loop in a electrostatographic reproduction apparatus on a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction wherein said steering roller 
has a lateral constraint, and said bias allows the web to ride against said lateral 
constraint without damaging the web, and wherein said steering roller is mounted 
on a roller shaft, and said lateral constraint comprises an edge guide which is 
rotatably mounted on said roller shaft and is axially slidable relative thereto; and, 

adjusting said bias to achieve desired tracking. 

Please rewrite claim 20 without prejudice or disclaimer as follows: 

20. (twice amended) A method of web tracking adjustment for guiding a 
photoconductor loop in a electrostatographic reproduction apparatus on a 
predetermined path of travel relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 

adjusting said bias to achieve desired tracking, and further comprising a 
housing and spring flexures, wherein said housing is pivotally mounted to said 
frame such that said housing pivots about a gimbal axis, and wherein said 
steering roller is mounted on a roller shaft, which said shaft is in turn mounted to 
said housing by said spring flexures, such that said spring flexures allow said 
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steering roller to pivot about a caster axis, while said housing allows said steering 
roller to pivot about a gimbal axis. 

REMARKS 

Claims 1-2, 9,14, and 16-18 stand rejected under 35 U.S.C. 102 (b) as 
being anticipated by Moe et al. Claims 1 and 8 stand rejected under 35 U.S.C. 
102 (b) as being anticipated by Morse. (3,913,813). Claims 1 and 8 stand 
rejected under 35 U.S.C. 102(b) as being anticipated by Morse et al (3,608,796). 
Applicants respectfully submit that for the following reasons, claims 1-2, 9,14, 
and 16-18 are not anticipated under 35 U.S.C. 102(b) by Moe et al, and claims 1 
and 8 are not anticipated under 35 U.S.C. 102(b) by Morse (3,913,813) or by 
Morse et al (3,608,796). Claims 3-7, 10-13, 15, and 19-20 would be allowable if 
rewritten to overcome the rejections under 35 USC 112, second paragraph, set 
forth in this office action (there were none set for the in this office action), and to 
include all of the limitations of the base claim and any intervening claims. 
Applicants respectfully request allowance of amended claims 3-7, 10-13, 15, and 
19-20 and reconsideration and further examination of claims 1-2, 9,14, and 16- 
18. 

Drawings 

The proposed drawing correction filed on September 22, 2002 has been 
approved by the Examiner. The formal amended drawing is attached to this 
correspondence. Applicants respectfully request the Examiner enter said formal 
drawing. 
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Art Rejections 

Moe et al (U.S. 5,659,851) 

Claims 1-2, 9,14, and 16-18 stand rejected under 35 U.S.C. 102 (b) as 
being anticipated by Moe et al. With respect to claims 1, 2, 17, and 18, 
applicants respectfully requested the Examiner identify where Moe et al discloses 
"A method of web tracking adjustment for guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: biasing a 
steering roller in a gimbal direction; and, adjusting said bias to achieve desired 
tracking" (applicant's claim 1) so applicants could adequately respond. The 
Examiner responded by stating that "Moe et al (US 5,659,851) discloses biasing 
the steering roller (14) in the gimbal direction (56) through the use of springs 
(80). " The axis (56) of Moe et al. is not the gimbal direction. Moe et al. calls it 
the "steering axis 56", which corresponds to the "gimbal axis" of the captioned 
application. Applicants respectfully submit that the Examiner's construction of 
Moe et al. is in error. 

Examiner further states that Moe et al discloses "a means for adjusting 
(94)(96)", but applicant's claim requires "adjusting said bias to achieve desired 
tracking." Examiner has not shown that (94) and (96) adjust the bias to achieve 
desired tracking. Moe et al. describes 'item (94) as "a tension adjusting disc (94)" 
and item (96) as a "tension releasing cam (96)" [column 8, lines 28-29]. "A 
claim is anticipated only if each and every element as set forth in the claim is 
found, either expressly or inherently described in a single prior art reference" 
[MPEP 2131 quoting Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 
628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987). Applicants again respectfully 
request Examiner state where in Moe et al it discloses biasing the steering roller 
in the gimbal direction, as previously defined, and adjusting said bias to achieve 
desired tracking, so that applicants can adequately respond. In the absence of 
such, applicants respectfully submit that the Examiner has not met his burden 
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under 102(b), and rejection of claims 1, 2,17, and 18 on this basis is in error, and 
request that the rejection on this basis be withdrawn. 

With regard to claims 9, 14 and 16, applicants respectfully requested that 
Examiner identify where Moe et al discloses "a gimbaled steering roller having a 
lateral constraint; a means for biasing said steering roller in a gimbal direction; 
and, a means for adjusting said bias to achieve desired tracking" so applicants 
could adequately respond. Examiner responded by stating that Moe et al 
disclosed a "means for biasing (80) in a gimbal direction (56); a means for 
adjusting (94)(96). B However, as stated above, the axis (56) of Moe et al. is not 
the gimbal direction. Moe et al. calls it the "steering axis 56", which corresponds 
to the "gimbal axis" of the captioned application. 

Further, items (94) and (96) are not "means for adjusting said bias to 
achieve desired tracking." Moe et al. Describes item (94) as "a tension adjusting 
disc (94)" and item (96) as a "tension releasing cam (96)" [column 8, lines 28-29]. 
"A claim is anticipated only if each and every element as set forth in the claim is 
found, either expressly or inherently described in a single prior art reference" 
[MPEP 2131 quoting Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 
628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987). Applicants again respectfully 
request the Examiner show where Moe et al discloses a "means for biasing said 
steering roller in a gimbal direction", and "a means for adjusting said bias to 
achieve desired tracking." In the absence of such, applicants respectfully submit 
that the Examiner has not met his burden under 102(b), and rejection of claims 9, 
14 and 16 on this basis is in error, and request that the rejection on this basis be 
withdrawn. 

Morse (US 3,913,813) 

Claims 1 and 8 stand rejected under 35 U.S.C. 102 (b) as being 
anticipated by Morse. (3,913,813). Examiner states that Morse discloses 
"biasing the steering roller (1 1) in the gimbal direction (20) through the use of 
resilient wire (61)." The axis (20) of Morse is not the gimbal direction. Morse 
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refers to (20) as a "gimbal axis." Applicants respectfully submit that the 
Examiner's construction of Morse (3,913,813) is in error. 

The Examiner furthers states that Morse (3,913,81 3) discloses "adjusting 
the bias (60)(70)(72) B . However, the yoke/screw assembly (70)(72) in Morse 
results in a force about the caster axis (30), not the gimbal axis (20) (see Figures 
2a and 2b). Nowhere in Morse does it disclose "biasing a steering roller in a 
gimbal direction; and, adjusting said bias to achieve desired tracking". "A claim is 
anticipated only if each and every element as set forth in the claim is found, 
either expressly or inherently described in a single prior art reference" [MPEP 
2131 quoting Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 628, 631, 2 
USPQ2d 1051, 1053 (Fed. Cir. 1987). Applicants again respectfully request 
Examiner state where in Morse (3,913,813) it discloses biasing the steering roller 
in the gimbal direction, and adjusting said bias to achieve desired tracking, so 
that applicants can adequately respond. In the absence of such, applicants 
respectfully submit that the Examiner has not met his burden under 102(b), and 
rejection of claims 1 and 8 on this basis is in error, and request that the rejection 
on this basis be withdrawn. 

Morse et al (US 3,608796) 

Claims 1 and 8 stand rejected under 35 U.S.C. 102(b) as being 
anticipated by Morse et al (3,608,796). Examiner states that Morse et al 
discloses "biasing the steering roller (2) in the gimbal direction (34) through the 
use of flexure arm (40) and the U-shaped spring bracket 52." The axis (34) of 
Morse et al is not the gimbal direction. Morse et al refers to (34) as a "gimbal 
axis." Further, flexure arm (40) is used to "adjustably position the roller about 
axis 32" (column 2, lines 68-69), which is the caster axis. The U-shaped bracket 
(52) "exerts a force on flexure 40 in the direction of arrow 54" (column 3 lines 1 1- 
12). A force in the direction (54) would cause movement about the caster axis 
(32), not the gimbal axis (34) (see Figure 1). Applicants respectfully submit that 
the Examiner's construction of Morse et al (3,608,796) is in error. 
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Examiner further states Morse et al discloses "adjusting the bias 
(36)(44)(46).° The adjustment features Examiner refers to (36)(44)(46) are to 
position the roller (2) about the adjustment axis (32) (see column 2 lines 59-70), 
not the gimbal axis. "A claim is anticipated only if each and every element as set 
forth in the claim is found, either expressly or inherently described in a single 
prior art reference" [MPEP 2131 quoting Verdegaal Bros. v. Union Oil Co. of 
California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987). 
Applicants again respectfully request Examiner state where in Morse et al 
(3,608,796) it discloses biasing the steering roller in the gimbal direction, and 
adjusting said bias to achieve desired tracking, so that applicants can adequately 
respond. In the absence of such, applicants respectfully submit that the 
Examiner has not met his burden under 102(b), and rejection of claims 1 and 8 
on this basis is in error, and request that the rejection on this basis be withdrawn. 

Applicants respectfully submit that claims 1-20 are allowable as herein 
amended, and request that the amendment to the drawings and the claims be 
entered, and the rejections against them be withdrawn. 




Kathleen K. Bowen, Esq. 
Registration No. 42,352 
Attorney for Applicant 
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Applicant(s) 
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f Examiner 

Minh-Chau Pham 


Art Unit 
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Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 . 1 36(a). tn no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 1 33). 

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment See 37 CFR 1.704(b). 

Status 

1 )M Responsive to communication(s) filed on 22 September 2002 . 
2a)03 This action is FINAL. 2b)Q This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quay/e, 1935 CD. 11, 453 O.G. 213. 
Disposition of Claims 

4) E3 Claim(s) 1-20 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6M Claimts)^ is/are rejected. RECEIVED 

7) D Claim(s) is/are objected to. Ia A ^ A 

JUL 2 5 2flfH 

8) D Claim(s) are subject to restriction and/or election requirement. ^ 

Application Papers GROUP *3fifiH 

9) D The specification is objected to by the Examiner. 

10) D The drawing(s) filed on is/are: a)Q accepted or b£] objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1 .85(a). 

11) 13 The proposed drawing correction filed on 22 September 2002 is: a)IS approved b)D disapproved by the Examiner 

If approved, corrected drawings are required in reply to this Office action. 

12) D The oath or declaration is objected to by the Examiner. 
Priority under 35 U.S.C. §§119 and 120 

13) D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 

a)0 All b)D Some*c)D None of: 

1 .□ Certified copies of the priority documents have been received. 

2. Q Certified copies of the priority documents have been received in Application No. . 

3. Q Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

14) D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 1 19(e) (to a provisional application). 

a) □ The translation of the foreign language provisional application has been received. 

15) D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 . 

Attachment(s) 

1 ) □ Notice of References Cited (PTO-892) 4) □ Interview Summary (PTO-41 3) Paper No(s). . 

2) □ Notice of Drattsperson's Patent Drawing Review (PTO-948) 5) □ Notice of Informal Patent Application (PT0152) 

3) □ Information Disclosure Statements) (PTO-1449) Paper No(s) . 6) □ Other: 
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Application/Control Number: 09/772, 1 77 Page 
Art Unit: 3654 

DETAILED ACTION 
Drawings 

1 . The proposed drawing correction and/or the proposed substitute sheets of drawings, filed 
on September 22, 2002 have been approved. A proper drawing correction or corrected drawings 
are required in reply to the Office action to avoid abandonment of the application. 

Claim Rejections - 35 USC §102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

3. Claims 1-2, 9, 14, and 16-18 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Moeetal. (US 5,659,851). 

Moe et al. disclose applicants' claimed invention, specifically teaching a web tracking 
apparatus (10) and a method of web tracking adjustment, for guiding a moving 
web/photoconductor loop (12) in a predetermined path of travel relative to a stationary frame 
(84)(col. 7, lines 6-8), comprising: 

a gimbaled steering roller (14) having a lateral constraint (61A)(62A); 

a means for biasing (80) in a gimbal direction (56); 

a means for adjusting (94)(96); 

a roller shaft (59); and 

a stop (88)(col. 9, lines 2-4). 
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4. Claims 1 and 8 are rejected under 35 U.S.C. 102(b) as being anticipated by Morse (US 
3,913,813: ref. 4 in form PTO- 1449). 

Morse discloses applicants' claimed invention, specifically teaching a method of web 
tracking adjustment, for guiding a moving web (15) in a predetermined path of travel relative to 
a stationary frame (53), comprising: 

biasing (61) a steering roller (1 1) in a gimbal direction (20); 

adjusting the bias (60)(70)(72); 

mounting the steering roller to the stationary frame (53)(col. 6, lines 1-3); and 
pivoting the steering roller about a caster axis (30)(col. 6, lines 15-20). 

5. Claims 1 and 8 are rejected under 35 U.S.C. 102(b) as being anticipated by Morse et al. 
(US 3,608,796). 

Morse et al. disclose applicants' claimed invention, specifically teaching a method of web 
tracking adjustment, for guiding a moving web (16) in a predetermined path of travel relative to 
a stationary frame (14), comprising: 

biasing (40)(52) a steering roller (2) in a gimbal direction (34); 

adjusting the bias (36)(44)(46); 

mounting the steering roller to the stationary frame [see Fig. 1, where (12) mounts (2) to 
(14)]; and 

pivoting the steering roller about a caster axis (32). 
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Allowable Subject Matter 

6. Claims 3-7, 10-13, 15, and 19-20 would be allowable if rewritten to overcome the 
rejection(s) under 35 U.S.C. 1 12, second paragraph, set forth in this Office action and to include 
all of the limitations of the base claim and any intervening claims. 

7. The following is a statement of reasons for the indication of allowable subject matter: the 
prior art of record, taken as a whole, fails to disclose or render obvious a method of web tracking 
adjustment or a web tracking apparatus comprising all the limitations claimed, including an edge 
guide that is axially slidable as recited in claims 3, 15, and 19, an end two of the spring that is 
mounted to one end of the steering roller such that the spring applies a rotational force as recited 
in claims 4 and 1 1, and a shaft that is mounted to the housing by spring flexures as recited in 
claims 7, 10, and 20. 

Response to Arguments 

8. Applicants' arguments filed September 22, 2002 have been fully considered but they are 
not persuasive. Moe et al. (US 5,659,851) discloses biasing the steering roller (14) in the gimbal 
direction (56) through the use of springs (80). Morse (US 3,913,813) discloses biasing the 
steering roller (1 1) in the gimbal direction (20) through the use of the resilient wire (61). Morse 
et al. (US 3,608,796) discloses biasing the steering roller (2) in the gimbal direction (34) through 
the use of the flexure arm (40) and the U-shaped spring bracket (52). Moe et al., Morse, and 
Morse et al., all teach the pivoting of the steering roller about the gimbal axis. 

Conclusion 

9. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 




Application/Control Number: 09/772, 1 77 Page 
Art Unit: 3654 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Minh-Chau Pham whose telephone number is (703) 305-0766. 
The examiner can normally be reached on Monday-Thursday. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Katherine Matecki can be reached on (703) 308-2688. The fax phone numbers for 
the organization where this application or proceeding is assigned are (703) 872-9326 for regular 
communications and (703) 872-9327 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is (703) 308-1 113. 

pmc 

November 21, 2002 



KATHY MATECKI 
SUPERVISORY PATENT EXAMINER 
TECHNOLOGY CENTER 3600 
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WEB TRACKING ADJUSTMENT DEVICE AND METHOD THROUGH USE OF 

A BIASED GIMBAL 

RECEIVED 

BACKGROUND JUL 2 5 2003 

GROUP 3600 

The present invention is in the field of mechanisms for tracking moving webs. 
More specifically this invention relates to the tracking method of the film on the 
film handling system, and a means for adjusting the film tracking, in 
electrophotographic printers and copiers. 

10 In high speed electrostatographic reproduction apparatus, it is a common 
practice to employ an elongated photoconductive belt or web adapted to record 
transferable images while the web is moving in a path in operative relation with 
various process stations. Typically the web is supported by, and driven about, at 
least one roller. With a roller support, there is a tendency for the moving web to 

15 shift laterally, or cross-track, with respect to such a roller. This tendency can be 
due to manufacturing tolerances, such as the inability to manufacture perfectly 
cylindrical rollers, or to exactly mount the rollers in a web supporting system. 
Various apparatus for correcting such lateral shifting of roller-supported webs are 
known, such as crowned rollers, flanged rollers, servo-actuated steering rollers, 

20 or self-actuating steering rollers. Crowned rollers generally are not suitable for 
use with a web in an electrostatographic reproduction apparatus, because they 
force the web toward the apex of such rollers, cause distortion of the web, and 
produce local stresses in the web at the crown which can damage the web. 
Flanged rollers generally are also not suitable because they produce a 

25 concentrated loading at the edges of the web, resulting in edge buckling, seam 
splitting, or excessive edge wear. 

Electrostatographic reproduction apparatus therefore typically utilize servo- 
actuated or self-actuated steering rollers. While such steering rollers generally 
correct in a gross manner the cross-track shifting of the web, they tend to 

30 produce significant lateral movement of the web at an uneven rate as it is re- 
aligned. This can adversely effect the resulting image quality. 
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Another method for web tracking is disclosed in U.S. Pat. No. 4,901 ,903 by 
Blanding, which describes a steering roller mounted on a pivoted yoke, wherein 
the roller has an edge guide, and an edge guide adjustment mechanism. In this 
method, a light tension spring applies a force to the yoke to rotate the roller about 
5 a caster axis to impede aberrant lateral movement, and provide corrective action 
should it occur. This method, though useful, takes a fair amount of very limited 
space. It is also difficult to make fine adjustments to the tracking using the 
apparatus disclosed in Blanding. 

A method and apparatus for web tracking, and web tracking adjustment is 
10 desired which is simple, cost effective, can more effectively use the limited 
space, and which can make fine adjustments. 

SUMMARY OF THE INVENTION 
A method and apparatus for web tracking adjustment for a web handling 
15 system is disclosed, comprising biasing a steering roller in a gimbal direction, 
and adjusting the bias to achieve the desired tracking. 



BRIEF DESCRIPTION OF THE DRAWINGS 

20 

FIGURE 1 is a side view of a web/roller system according to an aspect of the 
invention. 

FIGURE 2 is a top view of a continuous web/roller system according to an aspect 
of the invention. 

25 FIGURE 3 is an isometric view of a steering roller and biasing apparatus 
according to an aspect of the invention. 

FIGURE 4 is an isometric view of a steering roller and biasing apparatus, with a 
moving web according to an aspect of the invention. 
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DETAILED DESCRIPTION 

The method and apparatus of the preferred embodiment will be described in 
accordance with an electrostatographic recording medium. The invention, 
however, is not limited to methods and apparatus for tracking such a medium, as 
tracking, and adjustment of the tracking for any web/roller system is within the 
spirit of the invention. 

Various aspects of the invention are presented in Figures 1-4 which are 
not drawn to scale and in which like components are numbered alike. Referring 
now to these Figures, in a closed loop web/roller system 8, at least one steering 
roller 10 is provided, that is the roller which is free to move in some fashion so as 
to "steer" the web laterally (parallel to the steering roller 10 longitudinal axis 9) to 
bring it to the desired position. One way in which a roller may move is by 
"gimballing" the roller, i.e. by mounting the roller for pivotal movement about a 
gimbal axis 6 which is parallel to the direction of linear movement of the entering 
web, and which preferrably intersects the longitudinal axis 9 of the roller at the 
midpoint of the roller. Due to functional constraints, the steering roller 10 may 
not be able to pivot exactly about an axis which intersects the longitudinal axis 9 
of the steering roller 10 at the midpoint of the steering roller 10, if this is the case 
then an axis which is parallel to the direction of linear movement of the entering 
web 2, and comes close to intersecting the steering roller at the midpoint of its 
longitudinal axis 9 will suffice for the gimbal axis 6. Another way in which a roller 
may move is by mounting the roller for pivotal movement about a caster axis 7, 
which is an axis perpendicular to the gimbal axis, which intersects the gimbal 
axis 6 upstream of the roller. A roller may be both "castered" and "gimbaled", 
which means that such a roller is able to pivot about both the caster axis 7 and 
the gimbal axis 6. In the drawings a four roller closed loop system 8 is shown. 
Besides the steering roller 10 there is also a registration roller 43 and a drive 
roller 41 which do not steer, and a tension roller 42 which moves in the caster 
and gimbal direction, and thus allows for some correction of the direction of the 



web 2. This is just an example of one type of system for which the invention is 
useful, and does not in any way limit the invention to such a system. 

According to an aspect of the invention, a method of web tracking adjustment 
for guiding a moving web 2 in a predetermined path of travel relative to a 
stationary frame 4 comprises biasing a steering roller 10 in a gimbal direction, 
and adjusting the bias to achieve desired tracking. By biasing the steering roller 
10 in a gimbal direction it is meant that the steering roller is pivoted about the 
gimbal axis 6 such that the web 2 on the downstream side of the steering roller 
10 is not perpendicular to the longitudinal axis 9 of the steering roller 10. This 
can be seen in Figure 2, which is a top view of the web/roller system 8, layed out 
flat for viewing purposes. 

According to a further embodiment of this invention, the steering roller 10 has 
a lateral constraint 12, and the bias allows the web 2 to ride against the lateral 
constraint 12 without damaging the web 2. In a preferred embodiment, the 
steering roller 10 is mounted on a roller shaft 14, and the lateral constraint 12 
comprises an edge guide which is rotatably mounted on the roller shaft 14 and is 
axially slidable relative thereto. 

In a further preferred embodiment, the steering roller 10 is biased by a spring 
20 having an end one 22 and an end two 24 mounted between the frame 4 and 
one end of the steering roller 10 such that the spring end one 22 is mounted to 
the frame 4, and the spring end two 24 is mounted to the steering roller 10, such 
that the spring 20 applies a rotational force on the steering roller 10 about a 
gimbal axis 6. This is just one means of biasing the steering roller in the gimbal 
direction, any suitable means is within the purview of this invention. 

According to an aspect of the invention, a means for adjustment is 
accomplished by applying a pre-load to the spring 20 to achieve the desired 
tracking. One method for applying this pre-load is by attaching a mounting nut 
26 to the spring end one 22, and threading a mounting screw 28 through the 
frame 4, such that the mounting nut 26 is threaded onto the mounting screw 28 
to apply the desired pre-load on said spring. There are many ways to apply pre- 
loading on a spring, and many means for adjusting the pre-load on a spring other 




than the method disclosed, all such suitable methods are within the purview of 
this invention. 

According to a further preferred embodiment of the invention, the web 
tracking apparatus further comprises a housing 5 and spring flexures 30. The 
5 housing 5 is pivotally mounted to the frame 4 such that the housing 5 pivots 
about the gimbal axis 6. The steering roller 10 is mounted on a roller shaft 14, 
which roller shaft 14 is in turn mounted to the housing 5 by the spring flexures 30, 
such that the spring flexures 30 allow the steering roller 10 to pivot about the 
caster axis 7, while the housing 5 allows the steering roller 10 to pivot about the 
10 gimbal axis 6. 

This invention is a useful means of controlling and adjusting the tracking on a 
web/roller system. This invention is also useful however, when used in 
conjunction with a self-adjusting method of control, such as the feedback control 
described in U.S. Patent No. 4,961,089, by Jamzadeh, which patent is hereby 
15 incorporated by reference. 
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We Claim: 

1 . A method of web tracking adjustment for guiding a moving web in a 
predetermined path of travel relative to a stationary frame, comprising: 

5 biasing a steering roller in a gimbal direction; and, 
adjusting said bias to achieve desired tracking. 

2. The method of claim 1 wherein said steering roller has a lateral constraint, 
and said bias allows the web to ride against said lateral constraint without 
damaging the web. 

10 3. The method of claim 2 wherein said steering roller is mounted on a roller 
shaft, and said lateral constraint comprises an edge guide which is rotatably 
mounted on said roller shaft and is axially slidable relative thereto. 

4. The method of claim 2 wherein said steering roller is biased by a spring 
having an end one and an end two mounted between the frame and one end of 

15 said steering roller such that said spring end one is mounted to said frame, and 
said spring end two is mounted to said steering roller, such that said spring 
applies a rotational force on said steering roller about a gimbal axis. 

5. The method of claim 4 wherein said adjustment comprises applying a pre- 
load to said spring to achieve desired tracking. 

20 6. The method of claim 5 wherein said spring is mounted to said frame by 
attaching a mounting nut to said spring end one, and threading a screw through 
the frame, such that said mounting nut is threaded onto said screw to apply the 
desired pre-load on said spring. 

7. The method of claim 1 further comprising a housing and spring flexures, 
25 wherein said housing is pivotally mounted to said frame such that said housing 
pivots about a gimbal axis, and wherein said steering roller is mounted on a roller 
shaft, which said shaft is in turn mounted to said housing by said spring flexures, 
such that said spring flexures allow said steering roller to pivot about a caster 
axis, while said housing allows said steering roller to pivot about a gimbal axis. 
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8. The method of claim 1 wherein said steering roller is mounted to said 
stationary frame in such a manner as to allow said steering roller to pivot about a 
caster axis. 

9. A web tracking apparatus for a guiding a moving web in a predetermined 
5 path of travel relative to a stationary frame, comprising: 

a gimbaled steering roller having a lateral constraint; 

a means for biasing said steering roller in a gimbal direction; and, 

a means for adjusting said bias to achieve desired tracking 

10. The apparatus of claim 9 further comprising a housing and spring flexures, 
10 wherein said housing is pivotally mounted to said frame such that said housing 

pivots about a gimbal axis of said steering roller, and wherein said steering roller 
is mounted on a roller shaft, which said shaft is in turn mounted to said housing 
by said spring flexures, such that said spring flexures allow said steering roller to 
pivot about a caster axis, while said housing allows said steering roller to pivot 
15 about a gimbal axis. 

1 1 . The web tracking apparatus of claim 9 wherein said means for biasing said 
steering roller in the gimbal direction comprises a spring having an end one and 
an end two mounted between the frame and one end of said steering roller such 
that said spring end one is mounted to said frame, and said spring end two is 

20 mounted to said steering roller, such that said spring applies a rotational force on 
said steering roller about a gimbal axis. 

12. The web tracking apparatus of claim 1 1 wherein said means for adjusting 
said bias comprises applying a pre-load to said spring to achieve desired 
tracking. 

25 13. The web tracking apparatus of claim 12 wherein said spring is mounted to 
said frame by attaching a mounting nut to said spring end one, and threading a 
screw through the frame, such that said mounting nut is threaded onto said 
screw to apply the desired pre-load on said spring. 
14. The web tracking apparatus of claim 9 wherein said steering roller is 

30 mounted on a roller shaft. 
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15. The web tracking apparatus of claim 14 wherein said lateral constraint 
comprises an edge guide which is rotatably mounted on said roller shaft and is 
axially slidable relative thereto. 

16. The web tracking apparatus of claim 9 further comprising a stopping means 
for preventing said steering roller from rotating too far in the gimbal direction. 

17. A method of web tracking adjustment for guiding a photoconducter loop in a 
electrostatographic reproduction apparatus on a predetermined path of travel 
relative to a stationary frame, comprising: 

biasing a steering roller in a gimbal direction; and, 
adjusting said bias to achieve desired tracking. 

18. The method of claim 17 wherein said steering roller has a lateral constraint, 
and said bias allows the web to ride against said lateral constraint without 
damaging the web. 

19. The method of claim 18 wherein said steering roller is mounted on a roller 
shaft, and said lateral constraint comprises an edge guide which is rotatably 
mounted on said roller shaft and is axially slidable relative thereto. 

20. The method of claim 17 further comprising a housing and spring flexures, 
wherein said housing is pivotally mounted to said frame such that said housing 
pivots about a gimbal axis, and wherein said steering roller is mounted on a roller 
shaft, which said shaft is in turn mounted to said housing by said spring flexures, 
such that said spring flexures allow said steering roller to pivot about a caster 
axis, while said housing allows said steering roller to pivot about a gimbal axis. 
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ABSTRACT 

A method and apparatus for web tracking adjustment for a web handling 
system is disclosed, comprising biasing a steering roller in a gimbal direction, 
5 and adjusting the bias to achieve the desired tracking 
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. transported by a transporting tiHrhairism. A steering roller 
■ ^vwtmrtg fee belt inner surface, the steering roller being 
; rotatahle about a roller axis and being phrotable about a 
steering axis, ami the steering 

A carriage snpports the steering roller and is pivotable about 

<t «*rrring todn «ir*i ftrf rfir. dwring ttOW in prvr**hlr. ahnnt 

tfaft ftpmn g mtIr A first member is poain onn d adj a c ent to the 
j first roller cod and functionally c onn ected to Ihe carriage. 

• The first merobor contacts die belt inner surface when the 
! first bfit f4gr mffiriwitly heynnd the firat roller end. 
; The first member applies greater friction to the endless belt 

than the steering roller when the belt contacts the first 
. member. The first member is positioned relative to the 

steering axis such mat contact between me first inenta and 
j the belt causes the first m e mber to apply a first torque to the 

carriage means about the steering axis. 
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AIVARATUS AND METHOD FOR STEERING moving the inner back-up roller complicates the ability of 

AN ENDLESS BELT that mrrhamfirn to apply continuous nip pressure. 

Another approach for steering involves the use of one or 

FIELD OF THE INVENTION more flared rollers to cantt 

— i * tf . ^ _ . 5 belt rVrtating highrr tension on one edge can cause the other 

The present mvenhon relates to apparatuses and methods edge to be united or less snorted whidi is not 

for steering a belt wife a transport mechanism and mare practical in particular processes, including certain printing 

^tK^^Bppar^ and mcmods for passively steer- in^mo^^spgio^ZZ^in diunageto 

ug a belt within a transport mechanism. the belt 

BACKGROUND OF THE INVENTION 10 pother appro^ for mainfahitn g me position of the belt 

involves rollers having end flanges or other end stractures 

Endless belts are known to be useful for condnuoasly which can contact die edges of the belt However, this 

transporting a material rrom one poirit to another. An endless approach can damage the edges of particularly susceptible 

belt is positioned around a set ofrollerK within a transporting belts. 

mechanism, at least one of the rollers being driven to 15 Another known approach involves actively car- 

transpart the belt around a transport loop. The rollers can be reccing the position of the belt on the rollers. Active correc- 

cantilever-supported, that is, each roller is being surported tion systems include sensors, actoatxrs, and coct^ 

at only one end such that the endless belt can slide over the mat can add to the cost and me space requirement of the 

nnsupported end for removal and replacement More steering aniiitocturc. 

typically, the rollm 20 There is a need for a steering approach which is cost- 
end support on each of the rollers is removed when the effective and epace-ciffectrve. In addition, that 
endless bctt is installed, replaced, cfcx approach should work withom the need for end fiangu 

An endless beft can be of a long, fle^ flared rollers. Fuitherm^ 

m which the two ends arc jcurt work even if a portion of the belt is nipped between two 

belts, seaming includes stitching me two ends together. For 25 rollers. 

I!!™^^ SUMMARY OF THE INVENTION 
thermally bonding the two ends together. Other means for 

seaming include the use of adhesives and mechanical joints, ^ V**** 1 invention involves a steering apparatus and 

such as zippers. method which fill mis need. One embodiment includes an 

a cfif^ir.nu ^wiw. »m.i. 30 *PP**h» useful for maintaining an endless belt within a 

d^SS^Si^S^SStS ^^^P^^wiuTe the endless be* is 

r . . ^_ . 3 JTr7^ has a belt mner surface ***** a first belt edse. The arnaratus 

a toning station winch applies toner to the belt The toner is ™ „ ; , wu.nvflui^cBUHMia 

attracted to flic elBdro^hi^^^beitSfc^ ^ ^^jf^J^ cam^h rdv«*abj^bo* a rteering 

the toner tata on ^^^^^^ZJL^^^t £ 

rrrmtr A Kit rtir j. , . It if «. . , /t _ _ , . steraln g axis. A first m e m b er is positioned ad jacent to the 

^S^fCZ^^^.^^^l^ *»» ««ingiSler when the be* contacts (he first 

trostaac Image. runner rotated, the bctt can be charged to a manihH . im-— j„ is pnrftfrnurf relative to the 

potential which prepares the belt to capture a subsequent ^ ^ ^ caiiactbetw^^h* mate and 

^JiT^^^^°f^SJ t< 2L l SS? fcc better the fir* ir«nbcr to applya^ 

J? tt^nS^ canage abort Ibe steering sas. 

expose, tone, erase, charge, . ). Another embodiment of the present invention jjnrh nte an 

However, a clinllenge is assodated with the use of an endless belt system This system includes an endless belt 

endless belt w^fe keeping the bettprorrty aligned on ^ which has a beU inner surface aim a m^ bdt ed^. A ddve 

the set crfroDers. This challengers magnified when the roD(r mc cnd|ess ^ A t^eeriig system 

^.^T^ ""^ S"^ 1 ^ a "eludes a steering roller which contacts the belt inner 

$l ^^^^^". C ^^ t ^ bCgmt °^ ft surface. The steering roller has a first roller end. The 

or walk from one bu^posi^ on rc^ belt-eteering system also iiuind« a caniagc for sor>o^ 

when one or more of the rollers apply a force unevenly 55 mc steering roller. Tte 

across the widm of the b^^ axis such that the steering roHeT is pivotable abomthe 

developed steering axis. The heft-steering system also includes a first 

Designed to correct or counteract the drifting of flic belt, member positioned adjacent to the first roller end and 

known steering inechamsms have proven to be ineffective, functionally connected to the carnage. The first member 

cost-prohibitive, space-prohftitive, or a combinanon 40 contacts the belt inner surface when the first belt edge 

thereof. One known steering approach involves bending the extends sufficiently beyond the first roller end. The first 

belt in the plane in which the belt travels. For wider and member applies greater friction to the endless belt than the 

stiffer belts, this approach can be meffiective. steering roller when the belt contacts the first member, The 

Another known steering approach involves moving all of first member is positioned relative to the steering axis such 

the rollers. However, for transport mechanisms which 65 that contact between the first member and the belt causes the 

involve applying nip pressure to the belt for example by an first i nei ub cr to apply a first torque to the carriage m^flns 

outer pressure roller and an inner back-up roller, steering by about the steering axis. 
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Another embodiment of the present invention indodes an 2 includes a dunging system 3, an exposure system 4. a 

electrophotogaphic system, This system includes an endless development system 5, a transfer system 6, and a belt 

belt which has a first belt edge, a belt inner surface, and a steering system or apparatus 10, which includes an endless 

belt outer surface. The belt outer surface includes a photo- belt 12. 

recepti ve substrate. A charging system cWgtt the photore- 5 Tte endless belt 12 indodes a r*otc*eceptive substrate 

cepfreatet^ita which can be electrostatically charged by the charging 

ceptrve substrate to at least one mage-wise pattern of system3.Tneexix>stiresysto^ 
radiation which creates at least one electrostatic image on 

it._ _j - 1— —i-!-^- a ^Mi^m^ m^TILj substrate of the bdt 12 to at least one image-wise pattern 01 

SKTS^rSS^^STJ^S^ «fiatk» which at-te at least ooe dectioadic inugc on 

ops me at least one electrostatic image to an at least one n , ni ^ rn m u^^ t%*~ ^^m-«t c 

to*rf image. A trailer systo 10 the photoreceptive substratt. Tne devdopment system 5 

arcceptor.Abdl-*tccr^ develop to at leas^ dec^^ 

a steering roller which contacts the bdt inner surface. The to ned im age by applying a toner to the photoreceptive 

steering roller has a first roller esd\ The belt-<teering system substrate of the bdt 12. 

indudes a carriage for suppuitiug me steering roller. Tne The term loner** is gercricalry used to mean a material 

carriage is prvotable about a steering axis such mat the I s such as a dry or powder toner or a liquid msec. E is meant 

steering roller is prvotable about the steering axis. The to he Mrffiefenfly paigrfr tn <mw matwiak wfrfrh m fawmi 

be&-steering system indudes a first tnemher positioned in me industry as "developers.** A preferred fnfwnr4r of the 

adjacent to the first roQer end and functionally connected to toner, however, is the liquid toner specifically covered in a 

the carriage. The first inemfcer contacts to belt pending ILS. patent application which is identified as 3M 

when me first belt edge extends s trffi rientty beyond me first 20 Docket No. 52069USA&A, filed by 3M Company, entitled 

ToS ^ r J* c *■* ******* «PPjies greater friction to the «rjquid inks Using A Gd OrganosaT (Baker et aL). Tins 

endless belt than the steering roller when me bdt contacts application is he^ 

the fim member Tltelltstiiiem^ ^T~^^ ^^rT «Tr~Tt ^ 

the steering axis such that contad between tten^nieii^ 71)6 ***** system 6 transfers me toned image to a 

and the belt causes the first member to apply a first torque 25 n»eptor 7. Examples of a relevant «dTc»beh and a 

to the carriage about the steering axis. relevant electrophotography 

Another embodiment of the present invention includes a detail in a pendin g patent application filed Sep. 29, 1995, 

method useful for «*~rS«g an endless belt toward a lateral assigned to 3M Company, oVsignatrcl as 3M Docket No. 

target belt position whQe the endless belt is fr^g™-* by 51325USA4A, entifled M A Method and Apparatns for Pro- 

a tranjgpwtiiig mftrhaq j jpi Thf> *nAt*at tw*t hue * ht4t inner dudltg a Mnffl^lor Irnage 

smfnceandaiiistbdted^Tte tem w (Kdhe et aL). Tins pending patent application is 

providing a steering roller which contacts the bdt inner hereby incorporated by reference. 

surface. The steering rotter has a first roller end and is Though useful fox steering the endless belt 12 wimin me 

rotatable about a roller aju^ A carriage supports the steering #»wtiv ^««ngf»p iA» « ycti%m ^ ty^ appfamt in Annm in 

roller and is prvotable about a steering axis allowing the FLOS, 1-4 is useful within a variety of other endless bdt 

steering roller to be pivotahle about the steering axis. 35 systems. The apparatus 10 passively controls the position of 

Another step Incmdes providing a first rnember which is ^ caress bdt 12 relative to a target belt position on a 

positioned adjacent to the first roller end andfimctirmally steering jolier 14 while me endless bdt 12 is transported by 

connected to to ^ belt aimnteofntomakil%a p at r^^ 

uner surface _when the tot beg edge extends sufficiently ^ i6 fc & pa^^ oonticlling the 

friction to the endless bdt than the steering roller when . .. 7 . . . T^.v^T™ 

contacting** endless bdt causing to endless beU to aj^ to dotiwiscjmd cqiaterdodcwise directions, as per 

a first torque to to carriage about to steering axis. the perspective of FKj. L 

„™^«^v^ , ^« .™^«« When to belt 12 is acted upon by a force which causes 

BRIEF DESOUPTTON OF THE DRAWINGS ^ the bdt 12 tender wait 

The f or egoin g advantages, construction, and operation of 14, to apparatn s 10 can stop to lateral motion and can 

the present invention win become more readily ap p ar e nt cause the belt 12 to move laterally back toward the target 

from to following descri^^ belt position. The term "target belt position** can mean a 

FIG. 1 is a front view of a bdt transporting rncchanism particular laterd position w 

which includes a steering apparatus in accordance with to & position range on to steering roller 14. Tne target bdt 

present invention; position can be to position where to bdt 12 is roughly 

FIG. 2 is an isometric view of to steering apparatus centered on to steering roller 14, but this is not ne cessa r y, 

shown in FIG 1; HG. 4 shows to belt 12 being posMoned to to left of center 

FIG. 3 is a front view of to steering apparatus shown in relative to to steering roller 14, possibly due to to appli- 

HGS. 1 and 2; S5 ctSiDTX °f * lateral force on to belt 12, 

FIG. 4 is a right side view of a portion of to steering The endless belt 12 has an inner belt surface 1$ and an 

apparatus shown in FIGS. 1-3; ooter surface 26* a first bdt edge 22, and a second belt 

FIG. 5 is aright side view of an alternative embodiment 24 On to belt outer surface 20, to endless belt 12 

of to portion of to steering apparatus shown in FIG. 4; and includes means for electrostatically capturing an image 

HG.6isanisometrkviewtf f 

Mt transprwting mfrhanicjn fnrfiiHin g annfliw wnW wtimfriit 1*6 bdt 12 is ShOWn COfllaCtillg 8 DUinber Of TOfltn Wh^ 

of to steering apparatus shown in FIGS. 1-4. constitute the transporting mechanism 16. The belt inner 

surface 18 is shown r*m**<*inp a number of inner rollers 

DETAILED DESCRIPTION OF PREFERRED including the steering roller 14, a drive roller 26. and two 

EMBODIMENTS 65 stabilizing rollers 28. The drive roller 26 is connected to a 

An embodiment of an dectrophotograpbic system 2 is drive mecrmnism (not shown) which drives to endless bdt 

generally shown in FIG. 1. The electrophotographic system around to transport loop created by the inner rollers. The 
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stabilizing rollers maintain the positfon tf spans 30 of the wMchisarxiroximatetythc 

belt 12 which may be necessary to the imaging process steering rotter 14. Tne belt 12 is shown as having moved 

within an electrophotographic apparatus (or other laterally to ccutact the fi^ 

s). direction of the belt (indicated by arrow B) and due to the 



Thft hrft flntw mrfiiflft lg Armm He ^"TiT^RCttng « n npf^r tri p 3 position of the first member 41 relative to the steering axis 
roller 31 and a lower nip roller 32, components off the. 36, Arrow T indicates the direction of uie torque that is 
mtnrfw- nyrtwit 6 Thft npptr and tmuw nip tr%iim 31 , ftfe ~ n applied by die belt 12 to tte carriage 70. The cieation of to 
apply nip pressure to the belt 12 to transfer toner from the torque is described later within this disclosure, 
belt 12 to the upper nip roller 31. Within an imaging HG. 5 shows another embodiment of the first and second 
appaiatus, such as the clecUupiKJtogTybic ap^wiatns 2, still to nmubcis CIA, 62A.In this eiiuV)<1linfyit ( the first and second 
other rollers (not shown) can contact the belt inner and outer members 61A, 62A are trustoconkal in shape, rather than 
surfaces 18> 20 and can apply nip pressure to the belt 1Z cylindrical. The outer diameter of the first and second 
Uneven nip pressure, ttfce belt non-squareness and roller members 61A, 62A adjacent to the steering roller 14A can 
mi Mtigmri rat, can cansc the belt 12 to walk laterally on tire be smaller than the outer diameter cf the steering roller 14A 
inner rollers. 15 such that the belt first and second edges 22A, 24A do not 

The endless belt 12 can be relatively and reia- contact this portion of the first and second members 61A, 

tively wide and still passively steered by the appamtus 10. &A. 

One embodiment of the belt 12 is polyester film-based Because of the fmstoconical shape, the outer diameter of 
(P.004-inch thick (aOlO ^ . ntinyter )), The diuiiitfncncc of file first and second members 61A,62Aatthe opposite end 
nie belt 12 is between apprarimately 24 and 40 inches 20 of fiie first and second members 61A,62A is larger than die 
(approximately 61 and 102 centimeters). The width of the outer diameter of the steering roller 14. Consequently, die 
belt 12 is between approximately 9.5 and 14 inches belt 12A contacts the first member 61A or the second 
( flp prnr j nyrt^ 74 mrf ^ **n*hp***f *y iy wi^ttt Itif frr It rncrnber 62A after snffidenny walking beyond the first roller 
12 can be nie same as the width of the steering roller 14, end 50A or the second roller end S2A, respectively. This 
although it could be narrower or wider. The belt lenguVto- 25 approach minimizes the chance of either first belt edge 22A 
width ratio is typically betwew apfaxnumately 2^ and 3^5. or the second belt edge 24A cc^itactii^ and being c^maged 
Ihe modulus of the belt 12 is approxima^ by the vertical face of the first member 61A or the second 

per square inch (3.LX10 9 Newtons per square meter). member 62A, respectively. In addition, the increase in the 

The steering rolkr 14 includes a rofler first end 50 and a diameter of the first and socond numbers 61A.62A is 

roller second end 51 Tbe steering roller 14 is shown in FIG. 30 kept sufficiently smaU tow* 

2 as being cylindrical in shape and rotatable about a roller edges 21A, 22A, thereby further minnm'Ting the chances of 
axis 54, and being prvotable about a steering axis 56 and damaging the belt 12 (Le^ avoiding the problem caused by 
about a tension-balancing axis 57. The roller axis 54 is a flared steering roller). 

A«yw| mm t^ingpfftp wHtiffiiiwr tt% ttwt rtMring ftri« mnA th#» FIG. 5 also shows the belt 12 as having moved laterally 
tension-balancing axis 57. The roller axis 54 is shown as to contact the second ro ciu bci 62A and as being transported 
intersecting the steering axis 56 (copianar), but not inter- in an opposite direction to mat shown in FIG. 4. Due to the 
secting flie fcntftmJMianeSng mrf* 57 (non-coplanar). This transport direction B of die belt 12 and the position of the 
relationship of die axes 54, 56, 57 may be preferred, but second member 42A relative to the steering axis 56, arrow 
other relationships are envisioned. ^ T shows the direction cfuV torque 

The steering roller Mis shown as iiKJndhig more fiian one nie cazriagp 70. 
cylindrical collar 58 which ride and rotate on an internal FIGS. 4 and 5 each illustrate an embodiment which is 
dead shaft 59. While the steering roller 14 can be made of capable of steering the belt 12 when the belt 12 is forced to 
one cylindrical collar 58, a plurality of collars 58 results in either side of the steering roller 14, In addlfion, these figures 
reduced rotational drag being applied to the belt 12 by the 45 also innstrate that these embodiments are effective when the 
steering roller 14 when the steering roller 14 pivots suffi- belt 12 is transported in either direction by die transrxHting 
denify about the steering axis 56. Another embodiment of mechanism 1& This can be important for systems which 
die steering roller 14B (shown in FIG. 6, and discussed require die belt 12 to reverse directions, 
further below) could include a single rotating, cylindrical The first and second rnembers 61, 61A, 62, 62A can be 
member which is supported at its ends with roller bearings ^ made of a relatively hi^ friction rnaterial cc indude a high 
60B. friction material on the surface which contacts the belt 12. 

A first rnember 61 is positioned adjacent to the first roller Bxanniesof sucharnaterialisUackelectric^ 
end 50 aiid a second member 62 3M Company, St Paul, Mum.) and lygon-brand tubing 

second roller end 52. As shown in FKr. 3, the first member F-4040-A (made by Norton Performance Plastics 
61 contacts the bdt inner surface when the endless belt 55 Corporation, Akron, Ohio). 

moves or walks from the target belt posing and fee first belt In FIGS. 1-4, a carriage 70 is shown s u pport in g die 
edge 18 extends airffiaently beyond die first roller end 50. steering roller 14 and nie first and second members 6L 62 
Conversely, the second member 62 contacts the belt inner allowing the steering roller 14 and the first and second 
surface when the endless belt mc^es or walks from uie target members 61 to pivot on the steering axis 56. The carriage 70 
belt position and the second belt edge 20 extends sufficiently & is shown in FIGS. 1-4 as mduding a carriage first end 
beyond the second roller end 52. The inclusion of bom the member 72, carriage second member 74 carriage center 
first and the second members 60, 62 allows for a bi-lateral member 76, and a carriage pin 78. The carriage pin 78 
belt steering capability. Another embodiment of the appa- having a longitudinal axis about which it can rotate, the 
rams 10 could mrindtng only one of the two members 60, 62 longitudinal axis being the steering axis 56i 
and allow for a unilateral belt steering capability. 65 Flat springs 80 are shown in FIGS. 1-4 being attached to 

FIGS. 2 and 4 show the first and second rnembers 6L> 62 die carriage 70 and being biased against extenduig members 
as being cylindrical in shape and having an outer diameter 82 which extend from a surx^ 
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resist die pivoting of the carriage 70 and die i£ toller steering force h»i»iwg with the walking force. Because the 

14 around the steering axis 56, and can restore the carriage walking force may not be constant* the stable pivotal posi- 

70 to a particular position on the steering axis 56. Other don may also not be constant Consequently, the steering 

pivot resisting means, such as other spring types, could be roller 14 may occasionally or continualry adjust to counter 

employed in place of the fiat springs 80. 5 the walking force. 

The support block 84 can be attached and stationary The previous paragraphs refer to movement of the belt 12 
relative to the larger apparatus (not shown) of which me toward the first member 61 (like that shown in FIG. 4). 
apparatus 16 is a part A journal bearing 86 Is located at the However, the same result is brought about when the belt 12 
approximate center of the support block 84. The journal makes sufficient contact with the second member 62 (as is 
bearing 86 constrains the carriage pin 78, but allows the 10 shown in FIG. 5). The belt 12 will drag on the second 
carriage pin 78 to rotate about the gfr»*fwg axis 56 and member 62 the second member 62 to move down- 
translate axially on the steering aria The. mmhimtio n rf wardly relative to the first member 61 causing the steering 
a radial bearing (not shown) and a linear bearing (not shown) roller 14 to pivot Qn a clockwise direction from the per- 
could be used in place of the journal bearing. spective provided by FIG. 4). The steering roller 14 will 

The steering roller 14 can be configured to spin freely (or 15 pivot to a stable pivotal position similarly to that described 

spin with relatively little friction) about the roller axis 54 shove- 

The first member 61 and the second member 62 can be For the steering roller 14 to steer the belt 12. the belt 12 
configured to be nouHrotating about me roller axis 54 (by must fje under sufildemtensiorLT^ 10 provides 
being, for trample, attached to the dead shaft with a set means for applying the >^r«^ tension to me belt 12 and 
screw). Or, the first and second member 61, 62 can be 20 means for habmHng the tension across the width of the belt 
configured tn grin urfth rigtrfflcftpfly vycr* mfrflaBTf than thf 12 even when me steering roller 12 is pivoted from its 
steering roller 14. Consequently, the first and second mem- neutral position- This tension-balancing means also com- 
bers 6L, 62 apply greater friction to the belt 12 when pensates for roller misalignment and belt non-squareness, 
contacting the belt 12 than is appHM by me freely rc<almg Thetension-balancmgm 
steering roller 14 23 which is mown posm^medarourtdfo 

As a result, when the belt 12 walks laterally over the pin first end 92 adjacent to the carriage center member 76) 

steering roller 14, for example, such that the first belt edge and compressed between a face of a tension-adjusting disc 

22 extends beyond the first roller end 50 and contacts the 94 and a tendon-releasing cam 96. The tension-releasing 

first member 61 the belt 12 will drag on the frm member 61 ^ cam 96 is rotatable about a cam pin 98 from a tension- 

and apply a fiiouoBal force to the first m«nhw 6L Dae to engaging position to a tension-releasing position. This 

the position of first 61 relative to the steering «ri« enables a user to quickly engage or release the tension 

56 and due to the direction of the fricrional force on the first applied by the coil spring 88. A washer 100 is shown 

member 61* the belt 12 applies a pivoting torque to the ' between me teraion-rdeasing cam % and the cofl spring 88. 

carriage 70 about trie steering axis. When the ^ The tension^usting disc is internally threaded and 

applied by the belt 12 to the carriage 70 is sutfidesitry large, mated to an externally threaded portion of the pin second 

the cartage 78 and the steering roller 14 wm pivot about the end 00. The teiwdniwHijiwfing rf^ oi«inh» v^ ^a fr^n* 

steering axis 56 (in a emmterdeckwise direction about the the pin second end 90 to compress the oofl spring 88 to set 

steering axis 56 from the pobpcUivc provided by FIG. 4 the tmrinning force, The coil spring 88 biases the carriage 

whem me belt 12 is transported in a do^ pin 78 toward the steeriag roller 14 with a twirfn ntng force 

the perspective provided in PEG. 1). Based on this belt proportional to the degree to which me cofl spring 88 is 

direction and from the perspective provided by FIG. 4, the r^rnr^Sffl 

th^ roller end 50 wfflbemvote^ The pin first end 92 is shown connected to a carriage 

second roller end 52. coupling member 102 whidi is positioned around a portion 

A sufficiently large pivoting torque would be a torque 45 of the carriage center member 76. Aligned holes through 

which is sufficient to overcome anything which resists bom the carriage «wp Ww g nwrfw 102 and the carriage 

pivoting, inductin g the torque due to the flat springs 80 and center member 76 allow a coupling pin 104 to join the 

the resistance of the belt 12 to stretch (Le^ belt modulus). carriage coupling member 102 to the carnage center mem?* 

The suffic ie n t ly large pivoting torque wffl cause the carriage ber76. The diameter of the ajuphng ran 1M can be such that 

70 to continue to pivot untfl the su^ciently large pfvdting ffl it Is pressflt within the hole in the miring* mnpifng 

torque is exceededby the resistance of the flat sraings 80 and 102. Birt, the diameter of me ctwpling pin 104 can be such 

the stretch resistance of the belt 12 (and any other pivot that carriage center member 76 (and the steering roller 14) 

resistance). can rotate about the axis of the carriage celling pin 104. 

When fdvnrA and misalign relative tn tfy> nthfT T-^ ter f that axis being the tensioning *xi? 57. 

contacting the belt inner surface, the steering roller 14 55 As a result of this ability to rotate about the tension- 
applies an uneven force or a steering force against the belt balancing axis 57, the steering roller 14 can pivot in a 
12 in a direction opposite to the walking direction. The horizontal plane (per FIG. 1-4) when the steering roller 
magnitndn of the steering force is related to the degree to pivots in the vertical plane about the steering axis 56. 
which the steering roller 14 is ravotecTThe belt 12 wffl Consequently, fee tenro 

continue to walk laterally unrft the steering torn o^ & 88 is balanced across the width of the steering roller 14. 

mcwaliiiigfcraC^the m addition to contribu^ 

wait for example, the force reselling from belt noo- the cofl spring 88 contributes to the pivot-resisting effect 

squareness, roller misalignment, and/or uneven nip When me beutt drags on the fim 

ptes&uie). M< i causes the steering roller 14 tomvot on the steering axis 

If the walking force continues to be applied to the belt 12» 65 56, the coil spring 88 is further. As the cofl 

the carriage 70 and the steering roller 14 will come to a spring 88 is compressed further; the coil spring 88 has a 

stable pivotal position on the steering axis 56 where the greater potential energy and applies a greater force to the 
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carriage 70 increasing the tension within the belt 12 (which 
increases the potenhai energy). Consequently, the coH spring 
88 shenrtd be considered anc4herr^ 
of the steering roller 12 about the steering axis 56. 

FHj. 6 illustrates another embodiment in which the steer- 5 
ing ability and the tensioning ability are split into two rollers 
rather than relying only on the steering roller 14B. In mis 
embodiment, the steering roller 14B has the ability to pivot 
about the belt steering axis 56B. A tension roller 106B 
adjacent to me steering roller 14B includes two ends which 10 

ran frp ipd^pCIKfaifly hinged * g»innj fty. fr ej t tn maintain 

tension across the belt 12B even when the steering roller 
14B pivots about the steering axis 56B. Coil tension spring 
108B are shown biasing the tension rolkr 1G6B against the 
bdtl2B. 

Many other configurations of the apparatus It are envi- 15 
sicmed to provide similar results. For example and as pre- 
viously mentioned, the apparatus It can be used in a 
unilateral steering capacity. That is, the belt 12 could inten- 
tionally be driven to one side of the steering roller 14 by 
«>ntfng an ^j—^"* roller (such as one of the «**K?Kymg 20* 
roller 28 shown in FK1 1). This would require the steering 
apparatus It to steer me belt 12 only in one direction, which 
can be a means for simplifying the steering apparatus 16. In 
addition, the bdt-tensioning means could include, for 

CTflmplf^ an miwylinrfffr rather fh»n nyyn */Mftf/\n the rail & 

spring. The air-cylinder could also be used in place of the 
tensioning-release cam. Accordingly, many other variations 
rail within the scope of this invention. 
We claim: 

JL An apparatus useful far maintaining an endless belt 30 
within a lateral target belt position range while me endless 
belt is transported by atranspc^ting mechamsm, the endless 
belt having a belt inner surface and a first belt edge, me 
apparatus comprising: 
a steering roller contacting the belt inner surface, the 35 

steering roller having a first roller end; 
carriage means for sup por tin g the steering roller, the 
carriage means being pi vocable about a steering axis 
such that the steering roller is pfvotable about the ^ 
steering axis; 

a first member positioned adjacent to me first roller end 
ami functionally connected to the carriage means, the 
first member contacting the belt inner surface when tfie 

first heft edge ertenrts inrffipientry heynnrl the fir** roller ^ 

end, the first member applying greater friction to the 
endless belt than the steering roller when the belt 
contacts the first member, the first member being 
positioned relative to the steeririg axis such that contact 
between the first mcnilm and the belt causes the first 
member to apply a first torque to the carriage means 
about the steering axis, the first member being config- 
ured such mat first torque is sufficient to cause the 
steering roller to pivot around the steering axis; and 
r^otHSsisting means for resisting die pivoting of the M 
steering roller about me steering axis, the pivot- 
resisting means being functionally connected to the 
r^rringft means. 
Z An apparatus useful for maintaining an endless belt 
within a lateral target belt position range while the endless 

frfft jg rmr«prwtftd hy n transporting mftHmnixm, rhr. ending 

belt having a belt inner surface and a first belt edge, the 
apparatus comprising: 
a steering roller contacting the belt inner surface, the 

steering roller having a first roller end; 65 
carriage means for supporting the steering roller; the 
carriage means being prvotable about a steering axis 
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such that the steering roller is pd vocable about the 
steering axis; and 
a first member positioned adjacent to the first roller end 
and fractionally connected to the <*»™gr means, the 
first member being cylindrical «nH non-rotating, the 
first member contacting the belt inner surface when the 
first belt edge extends wrffiri trttly beyond the first roller 
end, the first member applying greater friction to the 
endless belt man the steering roller when the belt 
contacts the first member, and the first member being 
positioned relative to the steering axis such that contact 
between the first member and the belt causes the first 
member to apply a first torque to the carriage means 
about the steering axis. 

3. An apparatus useful for maintaining an endless belt 
within a lateral target belt position range wmle the endless 
belt is fransported by a ttanspcrting mechanism^ 

belt having a belt inner surface and a first belt edge, the 

apparatus conipi ialng: 
a steering roller contacting the belt inner surface, the 
steeriag roller having a first roller end and comprising 
atleast one steering cylindrical collar wMch is rotatable 
about a stationary shaft; 
carriage means for supporting die steering roller, the 
carriage means being rrivotable about a steering axis 
such that the steering roller is pivotable about the 
steering axis; and 
a firct mepifoer pftyrtj fjfmd n dfa ow ft to the fi^y t roller end 
and functionally connected to the carriage means, the 
first member contacting the belt inns 
first belt edge extends sufficiently fxyorf 
end, the first member applying greater friction to the 
endless belt man the steering roller when the belt 
n ml acts the first mfjuhtr, and the first meiuhfr being 
pprftfonej rrlfltivr fr» rty. tain such that contact 

between me first member and the belt causes me first 
rwmtipr to apply a first torque to the carriage means 
about the steering axis. 

4. The apparatus of daim3, the steering roller comprising 
between two and six steering cylindrical collars. 

5. An apparatus useful for maintaining an endless belt 
within a lateral target belt position range while the endless 
bett is transportM by a tra^ 

bdt having a belt inner surface and a first belt edge, the 
apparatus comprising; 
a steering roller contacting the belt inner suzface, the 

steering roller being cylmdricalandriavmganTstc^ter 

diameter and a first roller end; 
carriage means for s up por tin g the steering roller, the 

carriage means being prvotaMe about a steering axis 

such that the steering roller is ravotable about die 

steering axis; and 
a first xnember positioned tKfjaoent to the first roller end 

and functionally connected to the carriage means, the 

first member contacting the belt inner surface when the 

firs* heft edge ertenrtg mffieienHy heynnd the first roller 

end, the first member applying greater friction to the 
endless belt man the steering roller when the belt 
contacts the first member, the first member being 
positioned relative to me steering axis such that contact 
bet we en the first member and the belt causes the first 
tngmttfr to apply a first torque to the carriage means 
about the steering axis, the first member being gener- 
ally frustocomcal and having a first member first end 
and a first member second end, the first member first 
end being adjacent to the first roller end and having a 
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second outer diameter, me first member second end 

having & third miter dlnmrt pr | ttw wnnrf nrrtif Hijmwfry 

being no larger than the first outer Hfamfw the third 
outer diameter being larger man the firrtotxer diameter. 

6. An apparatus useful for mmtt^nin^ m endless belt 
within a lateral target belt position range while me endless 

belt is transported by m trwngpnrting wwrfrnnj^n^ the entflres 

belt having a belt inner surface and a first belt edge, the 

apparatus cornp ffting ? 
a steering roller contacting the belt inner surface, the 
steering roller having a first roller end, the steering 
roller being rotatable about a roller axis; 
carriage means for supporting the steering roller, the 
carriage means being pivotable about a steering axis 
such mat the steering roller is prvotable about the 
steering axis, the steering axis not iiiia&^jn gti tt rolfr^ 
axis; and 

a first member positioned adjacent to the first roller end 
and functionally connected to the carriage means, the 
fint mwnhw contorting ft^ frffr inner mrftce when the 
first belt edge extends snfficlentrybeyoiKl me roller 
end, die first member applying greater friction to the 
endless belt man the steering roller when the belt 
contacts the first member, the first member being 
rationed relative to the steering «r« mrh that mptr* 
between the first rncmhrr and the belt causes the first 
member to apply a first torque to the carriage wwnnj ^ 
about the steering axis. 

7. An apparatus useful for mintmm'ag m endless belt 
within a lateral target belt position range while the endless 
belt is transported by a transporting inechanism, the endless 
belt having a belt inner surface and a first bdt edge, me 
apparatus oflm|Mi«ng* 

a steering roller contacting the belt inner surface, the 
atcering roller having a first roller end and a second 
roller end; 

carriage means for supporting the steering roller, the 
carriage means being pivotable about a steering axis 
such that the roller is pivotable about the 

steering axis, the carriage means comprising; 
a carriage first end inember functionally mnnr^t to 

the first roller end; 
a carriage second end inember functionally connected 

to the second roller end; 
a carriage center rnrrober functionally connected to the 

carriage first and second end members; and 
a carriage pin having a first pin end, the first pin end 
being functionally connected to the carriage center 
member; the carriage pin having a pin long|mdinal 
axis which is the steering axis, the carriage pin being 
rotatable about the pin longu^dlnal axis sd^ that me 
steering roller and the carriage means are rotatable 
about the steering axis; 
a first inember positioned adjacent to flic first roller end 
and functionally connected to the carriage means, the 
first member o^n^cting thr bHt inner mfface when the 
first belt edge extends suniaentfy beyoiid the fost roller 
end, the first inember applying greater friction to the 
endless belt than me steering roller when the belt 
contacts the first member, the first inember h«'ng 
positioned relative to the steering axis such that contact 
between the first member and the belt causes the first 
member to apply a first torque to the carriage m^mus 
about the steering axis; and 
prvot-resisting means for resisting the pivoting of the 
steering roller about the steering axis. 
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8. The apparatus of claim 7, the support block being 
stationary, the pivot-resisting means coTr^sing at least one 
flat spring, die at least one flat spring having a first spring 
end and a second spring end, the first spring end being 
functionally connected to one of the first and the second 
carriage end members, the second spring end being posi- 
tioned to contact the support block and resist the pivoting of 
the steering rotter about the steering axis. 

9. The apparatus of claim 8. the at least one flat spring 
comprising a first flat spring and a second flat spring, the first 
flat spring being tunctionally connected to the first carriage 
end member, and the second flat spring being functionally 
connected to the second carriage end member. 

lOt The appa r atus of claim 7, die pivot-resisting means 
comprising a coil spring positioned around a portion of the 
carriage pfa T 

11. An apparatus useful for maintnintng an endless belt 
within a lateral target belt position range while the endless 
belt is transported by a transporting mechanism, the endless 
belt having a belt inner sux&ce, a fim belt e4ge, and a belt 

widn\ the appmni* onmprfetng r 

a steering roller contacting the belt inner surface, the 
steering roller having a first roller end and a second 
roller end; 

carriage means for sinfpmlfng the «*»»™g roller, the 
carriage means being prvotable about a steering axis 
such that the steering roller is pivotable about the 
steering axis, the rr rfr g ge means « w np ri«t» g * 
a carriage first end member functionally connected to 

the first roller end; 
a carriage second end member fannrtrmalty connected 

to the second roller end; 
a carriage center inember fuMtiwialrycoiinectedtothe 

carriage first and second end members; and 
a carriage pin having a first pin end, the first pin end 
being functionally connected to the carriage center 
member, die carriage pin having a pin longitudinal 
axis which is the steering axis, the carriage pin beiag 

rotflftihlfc nhnnt the pi n kwgftmti^| grig «wch that the 

jtmii^i roller and the «wr**g ^ means are nestable 

about dw steering axis; 
a first member positioned adjacent to the first roller end 
and functionally c onne c te d to the carriage means, the 
first rnernber contacting the beb Inner surface when the 

fin* belt edge extent** cirfRrtMf Hi-y^H thf tint rtlllfT 
end, ttte first member applying greater friction to the 
endless bdt than the steering rotter when the belt 
contacts the first member, die first "«»*wt being 
positioned relative to die steering axis such that contact 
between the first number and the belt causes the first 
member to apply a first torque to die rming* means 
about the steering axis; 
a belt^eiiaoning means for causing die steering roller to 
apply a tensioning force against die belt inner surface; 
and 

a tension-balancing means for allowing the belt- 
tensioning means to balance ttn» teti«oirf«g few* 
the belt width. 

12. The apparatus of claim H, the carriage pin having a 
second pin end, the second pin being threaded, the belt 
tensioning means comprising: 

a co mpre ssion spring positioned around the second pin 
end and having a first spring end; and 

a te n sion adjustment disc having a spring ***** inrf a 
threa d ed inner surface, the spring face contacting the 
first spring end, the threaded inner surface mating wife 
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roller end, the first member applying greater friction 
to the endless belt than the steering roller when the 
belt contacts me first member me n^niember being 
positioned relative to the steering axis such that 
contact between the fiminernber and me belt causes s 
the fim member to apply a firstly carriage 
means about the gfr**ri«g axis; and 
a tension roller positioned adjacent to the steering 
roller, the tension roller applying a tengfaning force 
to the belt inner surface. 10 
2L An apparatus useful for maintaining an belt 
within a lateral target belt position range whOe the endless 

belt is transported by a transporting nwhnnlwn upri y hfle an 

image is imposed on the belt by an ™»gh»g station, the 
endless belt having a belt inner surface and a first belt edge, 15 
die apparatus ^n rprfrin g r 

a steering roller contacting the belt inner surface, the 

steering roller having a first idler end; 
carriage means for supporting the steering roller, the 

carriage means being prvctabie about a steering axis 20 

such that the steering roller is pivotable about the 

steering axis; 

a first member positioned adjacent to the first roDcr end 
and functionally connected to the carriage means, the „ 
first member corfacting me belt inner surface when me 
first belt edge extends snffirirntiy beyond the first roller 
end, the first member applying greater friction to the 
endless belt than the s t eeling roller when the belt 
contacts the first member, me first member being M 
positioned relative to the ^fTfag axis such that contact 
between the first member and the belt causes the first 
member to apply a first torque to the carriage means 
about the steering axis; and 
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a ttabfliTing roller contacting the endless belt and posi- 
tioned between the steering roller and the fp"*e' n c 
station to create a span of the belt which forms a plane, 
the plane being substantially unaffected by pivoting 
rnovemcnt of the steering roller; 

22. A method PBcfnl far rfy*T!ng anrftecg hrit tnornrd a 

lateral target belt position wMk the endless belt is trans- 
ported by a transporting nwtianjqm t the endless belt having 
a belt inner surface and a first belt edge, the inethod 
comprising the steps of: 
providing a steering roller contacting the belt inner 
surface, the steering roller having a first roller end, the 
steering roller being rotatable about a roller axis; 
providing carriage means for s u ppo rti ng the steering 
roller, the carriage means being pivotable about a 
steering axis and allowing the steering roller to be 
pivotable about the steering axis; 
providing a first m em ber positioned adjacent to the first 
roller end and functionally coiinected to the carriage 
means, the first member contacting the belt inner sur- 
face when the first belt edge extends sufficiently 
beyond the first roller end, the first roernber applying 
greater friction to the endless belt than the steering 
roller when <wr«in g the endless belt causing the 
endless belt to apply a first torque to the carnage rneans 
about the steering axis; 
transporting the endless belt in a first direction; and 
transporting the endless belt in a second direction oppo- 
site the first direction. 

* * * * - * 
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[57] ABSTRACT 
Web support for engaging a fully constrained moving 
web, having a cylindrical roller which imposes no lat- 
eral constraint on the entering portion of the moving 
web and which angularly decouples the exiting portion 
of the moving web. An improved mounting mecha- 
nism dynamically supports the roller solely at its mid- 
point along a fixed shaft A constraining member re- 
duces the movement of the roller to rotation about the 
longitudinal axis, pivotal movement about a gimbal 
axis which is parallel to the plane of the entering web 
portion of the moving web and perpendicular to and 
intersects the longitudinal axis at the midpoint of the 
roller, pivotal movement about a castering axis which 
is substantially perpendicular to the plane of the enter- 
ing web portion of the moving web and intersects the 
gimbal axis at a point upstream from the midpoint of 
the roller, and translational movement along the fixed 
shaft as required for pivotal movement about the cast- 
ering axis. 

5 Claims, 6 Drawing Figures 
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WEB SUPPORT WITH CASTERED AND support that is functionally non constraining, although 

GIMBALLED ROLLER structurally an angular lateral constraint. 

Although the above-noted variables upon which 
CROSS-REFERENCE TO RELATED tracking depend are usually parameters which are gov- 

APPUCATIONS 5 erned by the design of the web tracking apparatus, 

Reference is hereby made to commonly assigned and some generalities can be stated that ^ er ^^ 
copending U.S. Pat. application Ser. No. 504,771, filed number of situat^ Thus, fo' 8 "^^ 
SepTlO 1974, enthfcd WEB TRACKING APPARA- by hard surface cylindncal supports, the upstream web- 
TUS, fed on ere n data herewith in the names of Thad- span to web-width ****** 
deus Swanke Michael Samuel J^ontaH^ John .0 ^^^^^^^^^ 
}A Vt!^^V^^£^^ l2T SSnTS^ the surfaces in cannot, and on 
SK^feTSS*!? i£t eSed^iSoU: web tension. If otherwise, the web could be prevented 
A^^StSUg ^ ^RT^ on ^^^^^Zl? " ~ 

even data herewith, m the names of Thaddeus Swanke » ^^^^^Sw.Hwulbeconve- 
and Richard Thomas O'Marra. ^ to a laleraIly ^ constrairiing sur^rt as 

BACKGROUND OF THE INVENTION an N support, and to refer to a laterally constraining 

support as a P support if it is functionally positional lat- 

1. Field of the Invention 20 eraloonstraint and as an A-«upport if it is functionally 
This invention relates generally to a web handhng de- ^ IateraJ c^^^ ^ 

vice, and more specifically to a mounting m^usin In ^umm ga ^ 

for a web engaging roller in a web support ™chtm- me type dicussed above, one of the primary consider, 
poses no lateral constraint to the entering ^ portion 3^ ^ design is lateral stability of the lineraly 
and which angularly decouples the exiting web portion. ^ movmg web Generally, stability of the linearly moving 

2. Description of the Prior Art web is achieved if the tracking apparatus has at least 
Web tracking apparatus for tracking flexible, umcn- ^ laterally constraining supports, at least one of 

rectionally moving webs on hard surfaced, cyhndncal which fa fiuQsiec restricted to be a P-support; the re- 
web supports can be considered functionally as 00m- web supports, if any, in the tracking apparatus 
prising basically two types of web supports. The lm- 30 can be either laterally constraining supports (P and A) 
early moving web approaching a web support "sees" or non constraining supports (N) as dictated by design 
the support, relative to a fixed ftame,eitheras(l) alatp considerations. 

erally constraining support or (2) a laterally non con- Although the stability principle stated above will en- 
straining support. A laterally constraining support may linear stability of the moving web, it does not, 
be further subdivided into (a) an angular lateral con* 35 ^yjthout m0 re, erisure uniformity of tension in the mov- 
straint in which the entering web is constrained against ^ we j ) Non-uniformity in tension ordinarily results 
r-hftnging hs lateral position, except as its angular posi- fnperf ectkms in the manufacture of webs and web 
tkm changes, and (*) a positional lateral constraint in supports, and from the lack rfr^ect r^Delismin the 
which the entering web is constrained against c h a n g ing longitudinal axes of the mounted web supports. It fol- 
its spatial lateral position, while r emaining free to 40 that if manufacturing tolerances are minimized 
change its angular position. The web entering a non 3^ the supports are mounted with a high degree of 
constraining support, on the other band; is free to parallelism, a degree of uniformity of tension will be 
change either its angular or hs spatial lateral position achieved. However, such considerations are indepen- 
whhout experiencing substantial lateral forces. dent of the stability principle. 

Whether a parti"' 1 *"* web support is a laterally con- 45 if a high degree of uniformity of tension of the web 
straining or laterally non constraining support depends a requisite of the tracking apparatus design, it can be 
as much on its function in the tracking apparatus as on achieved with little regard to manufacturing or mount- 
its structure. For example, a rotating fixed-axis cyhn- ing tolerances by conforming the web tracking appara- 
drical roller, such as an idler roller or a drive roller in tus to what wffl be reforred to as the uniforin^ 
a tracking apparatus, is structurally an angular lateral 30 ^ principle. This second web tracking principle die- 
constraint capable of constraining the moving web tates that the moving web exiting from a first laterally 
against change in its lateral position. To perform tunc- constraining support must be given freedom, once and 
txmaOy as an lateral constraint, however, the only once, to ch^ge direction before entering a second 

entermg web has to be capable tftia^ ■ laterally constraining support. Tins freedom is given to 

ing cyfodrical surface imffl the inoving web and me rc^ 55 the exiting web fay "gmtbaPing" the web support; te., 
taring surface are in alignment; Lc., until the kmgstudi- by mounting the web support, whether of the constrain- 
nal axis of the rotating surface » rjerpendicular to the ing type or of the non-constraining type, for pivotal 
direction of travel of the web. This tracking phenome- movement about a gimbal axis which is parallel to the 
non is due to frictkmal forces developed between the direction of linear movement c* the entering web, and 
hnearty moving web and the rotating surface, which in w winch intersects the kmgitudmal axis of the support at 
turn are a fuiiction of; among other variables, wrap an- the imdpomt of the support. 

g|e web tension, and the upstream web-epan to web- The gimbal action of the web support, i.e., the capa- 
width ratio Tmis,tfthewrapan^fOTexanmte,isir^ bility of the ejdting web to change direction, enables 
sufficient to create the frictkmal forces necessary for „ the exiting we* to compensate for non-uniformitypf 
tracking, the entering web is free to change its angular tension of the web in the downstream web span. The 
pcshWand/or its lateral spatial rjosition, without ex- resultant force of the nmwm&rm tenaon across the 
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^ . , 0/ , mnnnpnt 0 f t hat trackine apparatus which satisfies both web tracking 

ffiS=^ssss=?£==S SSSSsSESSSS 

■u), «f the force <»"n«r" ^ST^JTitac SJ-t S» SS^eb WomJ. which <he ■» 

a first laterally constrainmg sup^rt encounter two N- J™^^ un \g m one ^ castered and gim- 
suppoits before entering a second laU^ly coretram^ J^ied^^^J^ angularly constrains the en- 

tocraUy constraining P- or A ™^J?£* £ "JJ°£ it fe object of the present invention 

*e supports pnwto-™^ l^L^M? 35 Tis another object of the invention to provide a web 
downstream web wrthout affectmg *2SJE3£ " rt ffi which the castering and gimballing pivotal 

P^iSonofAe web at the second and any subsequent external member only. 

nofrconstraming gimballed support, becomes unstable ^ SUMMARY OF THE INVENTION 

and indeterminate. Ttejesuh could * These and other objects are accomplished according 

hyofthe web span between the tta^l«dled^rt tfaT^erred embodiment of the present invention 

and the second constrainmg ™**W^J^J£^ £ rolSv^nounting a cylindrical web engaging roller 

edge damage to the moviig w ^^. S "^f^2 s ST^ s^TfoV pivotal movement oflme roller 

Thus, the "once and only once ^^^^ 4 5 ££EZ3E* and for translation movement of the 

^^^^^rtS^S^- l^rlS support while statically and dy- 

unhzed in a tracking apparatus, wnue provmmg ^ namicany supporting the roller solely at its midpoint. A 

the above S^^Tpl^^ 

lated by a tw<wupport. cosed loop webtr^gappa- J0 "^JJJ^J and to translation movement 

ratus. However, technical proWer^ such as *e gmihaj. abort ^"J^J*^ aTreqiared for pivotal move 

ling of a drive roller to meet the ^ ^ on ~ Satout^be Sg ax^TbTghnbaJ axis fa pand- 

rcquircment. and wrap angle ^ e «^f J*° n S^S^oTrWtering web portion of the™ v- 

wbich the gimbalhng ^j^ZZLZESZ- ^TanSp^pend^to and tatersec* the lon- 

cal problems such as uuhty for J^^^^JX 55 gtodinal axis ofmeroDer. The ciistering axis is perpeo- 

a^^pwebtrackmgapparan^how^ '^^^S^^S^ cylindrical 

nates such technical and practical problems rf the com- fa the PJ^£ ^Tfoed rigid shaft of uniform 
bination ^^^Z^oT^l^ • ^ZSS^J^X raS baU bearing upon 
ciples outlined above, and J*" ? c ™™ B the which ^ roller fe mounted with their respective mid- 

each other is such ^ c 2^ mo ^ U p^S2e SSi The radial ball bearing enables the 

^rf^^l^^^^^ rSler to rotate about its longhudinal axis and pivot 
S^n^M tested Swnstrearn „ about its midpoint, and is fixedly supported by a bush- 
r^lTS ofa web txackhirap^u^^ 65 ing mounted about the rigid shaft, thus enabkng the rt* 
^n%^^^^^ web ler to tnmslate onthe rig* [^T^^St 
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of flexturally mounted member* between the outer sur- Ball bushing 56 ^ slidably mounted on fixed shaft 51 

^p^aT^ona.move^entmeitherem. mounted ^^J^^ulr'^X £ 
bodfanent is controlled by a constraining arm, defining s position to the bushmg and the roller »P«m^V 

ZJ?te cen^tiTof the constraining arm and pivotal and t-t^J^T^*^ of a wet 

weieht of the outboard bearing and the constrammg W X T t~ . „ . Resilient 

the preferred embodiment presented below. SShfcp«cpLiicular to and intersects the line of ac- 

BRIEF DESCRIPTION OF THE DRAWINGS tion 66 of constraining arm 60. The portion of plate 62 

,„ the detailed description of^en^^ ^g^S^ S StaT 

ments of the ^^^^f^^^ * JSHSESI S£tad-» 64 and the end 

made to the accompanying drawings, m which, *™T ^^nnected to rigid member 63 is perpen- 

HG. 1 is an isometric *ew the web -W-"**- StoteSSal aSTof the roller. The signifi- 

invention showing the mounting c^of^owSueTgle wfll become apparent in the 

web transporting roller, which <M^^ ken 3 5 Further, inspection of FIG. 2b will 

and the relative location of the various axes, . . , 

FIG 2a is a .ongitucinal cros^ectional Wewof the «^ J^^ 62 ^ bpeipe ^ toa ^ 

web support showing the mounffiig of the roller JSSaH fe mowited to oiiter^n(g82of outboard 

FIG. 2»is a partial side view of the web support wrth ofrotatmn ^™^^° is ^ » ^ 

hs constrammg arm; w~«;™~,» „f t>w wch 40 viewine outboard bearing 80 in cross-section in FIG. 2a 

FIG. 2c illustrates another embodiment of theweb to rotate about its longitudinal axis 

support of the invention and ^^^^ iTfSmSS ?J32EZZ> aXSoof shaft 
bushing which is flexuralby 7"^,^*^°^^ £)w5tetite inner ring 81 of outboard bearing 80 re- 
midpoint for actaevjng ^nVstationary. To offset the added weight of out- 
pivotal movement about the center of 45 £3 beaTtaTsO and constraining arm 60 at one end 
T * n oSfmv^rn^rw^c^rlS Sle^^we^S^ded to the opposite 
web support of the invention and snows a end of the roller so that web support 10 is statically and 
arm having a yoke at one e nd and a ball and socket ar- ^"^^^ abo ^Spohrt of roller 11. 
rangement at the other end. ana j foregoing it will be seen that constraining 

ler - such that the line of action 66 of constrammg arm 60, 

DESCRIPTION OF THE PREFERRED 55 pivotal axis 65, and longitudinal axfc 40 of rotter 11, in- 

EMBODIMENT tersect at a common point. Moreover, pivotal axis 65 

Referringnowtothe^wingsw^^refe^ ^^^^^^Zl^S 

TlTeS^^ 

having a castered and gmtbaued roOer J l^e f orm . *. e^rance p^ ofmovement ofrolleT n , due 
a hollow cylindrical ^-J^ SfS^ . ^mechanical parts of web support 10 de- 

'"ttiEZlESi ra^'aSuTraS 3 scribed above, is (1) pivotal movement about a gbnbal 
port 10 further comprises » ? e "?* ,g ^ aris20 KinEin the entrance plane 45, which isperpen- 

ST c^rec^^n^ng 0 ^ " ZS'S m^sects .ongLih^ a**40 atS- 

53, IS ^ aTd?blncm 8 counferweight point of roller 11; and (2) arcuate movement, havmg 
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which is substantially perpendicular to and intersects of the instant invention is the reverse of what occurs 

entrance p"ane 45 J ^ intersection between ghnbal when a moving web. not fully constnuned, en^rsan an- 

Lis 20 and line of action 66 of constraining arm 60. It gulariy constranung web support such as a ^ed ax's, 

£3ear that the magnitude of radius 35 is dependent on cylindrical drum. In this latter situation, it is the enter- 

Ae Sme angled of action 66 makes with horizon- 5 tog web which aligns itself to the web support so that 

. . . its direction of travel becomes perpendicular to the 

Inspection of the geometries of FIGS. 1 and 2a will fixed _ tongitudinal^ds of mute. l^*^*™, 

reveal that arcuate radius 35 varies according to the Exiting web portion 16 of moving web W is given 

amount of translation of the midpoint of the roller freedom to change its angular direction thereby angu- 

atonTsnaft sTtf ttanslation of roller 10 is toward flex- 10 larly decoupling the fully coretramed entermg web por- 

u^ a^60, ie castering radius becomes longer. If. on tion 15 of movmg web W. ™*Jr~*> m m «,nng web 

the other hand the translation is away from flexure arm portion 16 to change angular direction without affect- 

60, Zc^^gLlius becomes shorter. However, for ing the lateral spatial and/or angular posrtion of *e up- 

^translations from nominal, the castering radius stream entering web portion 15 «, due . to .?f 

remains relatively constant to a dose approximation. 15 ofroUerJlto prvotabout ^"^W^. 

Similarly, the gimbal axis 20 varies slightly from its * «*°^tream cond^^ 

nonZd I noshkMT As seen in FIG. 1, and more clearly arcuate movement of the end of roller 11 indicated by 

uTS?^ eno? ot^uer 10 have arcuate motion arrow 68 in FIG. 2b it ™y appear that movement of 

mtfcWl^rcV68 rather than straight line motion roller 11 about gimbalaxis 20 wffl produce a .change m 

atonTSwtel axfa 65. This is due to the pivotal action 20 the perpendicularity of longitudinal axis 40 and the d,- 

ofSexS atnTSl-ls with variations in arcuate radius rectfon of travel of entering web portKm ISJwhich 

5; tosmSpWotal movement of rotter 10 about axis would affect the lateral postton of entermg web por- 

20 the ends have linear motion rather than arcuate mo- tion 15). closer exaininaw* wOl reveal that roller 11 

don toa dctTapproximatiot.. Tnese variations from will automated*" ^compensate ; ^ any ^Aanges m per- 

Snal are mdSted solely for clarity; they do not 25 ,«ndicularir y by shnply V^J^S^S 

fecTof roller lib polished ahiminum. the web in 30 aluminum and the wrap angle of the web about rolter 
Sta2 wl ™L irrpTryethylene ^ephthalate 11 b approxhnatery 120" ^ - proper range for 
and has a thickness m theorder of 7 mils, the wrap tacking and for gonbalbng. Smcert b an 
angleTf web W around roller 11 is in the order of 120% port, lateral slippage between jrfler 11 and theweb m 
rr^Hr.nfunstream web soar, to web width is approxi- contact with rotter will be beneficial to the function of 
rnateTc^, ST weo S of the web #1 ap- 35 web support^ which fenctioni, to present no lateral 
ororimntclv one-half ounce per inch. It should be noted resistance to the entering web. 
at^Snt u^tS s3,rt 10 is .indirections!. i.e.. FK3S. 2c through 3b fllustrate other ° f 
tS^JmE* 75*» to the entering plane various parte of the invennon. FIG. * fflus^^ a 
n must oe ~~TZ~ Air ^ tinn of travel As seen in FIGS. bushing which is flexurauy mounted to the roller to 
f*5 i^te^g^'p^rt^lS of ** 40 p3 the center pivot feature. That is, the pivotal 

J£t Sbs^tia^^et^em^ic? plane 45, while movement of rotter 11' about its midpoint is « achteved 
^d^c^o^vefoftSl weT^U^ the caster- ^^Z^^T^<^^tSi 
™ which fc substantially perpendicular to the bearing 55 as shown m FIG. 2a. FIGS. 3a and 3b illus- 

Ss^sr -«we b wis 45 j^^^—^^rst^ 

"•S^enuirS^W drained entering web por- £a*dtaFIG. 2« . Ball and socket 85 allows yoke 92 xo 
S^web^^m^g^SSction todicated by pivot in any direction. Yoke 93 ! fa MpWotauy mounted to 
cl« nM^W 'web suDDOrt 10 as a lateral outboard bearing 80' by pins 93. The centerhne of puis 
ar ^L '^^Il e rTl wffl tnSabout «SerinTaxfa 93 intersects the axis of rotation of rotter 11' . As in the 
"lon^ axi Sif^eST^ di- - preferred « 
~r*t£.T«f travel of enterine web portion 15. That is, gimbal axis vary slightly from nominal. However, as 
^^"ptnci^tr^ discussed above noted eari^J restncuon, on 
roller 11 will align itself to the entering web portion 15 me functem rf the web support- 
rTv nTvouTa3 axis 30 until its longitudinal axis is The invention has ^*™^™^j£ pn- 
oet^Sla7u, the direction of travel of the entering 55 ticular reference to preferred embodiments hereof. 
ntSriviS resistance about castering but it will be understood that variations and modrfica- 
2 S^pos^ brfSo^T mechanicaTTrce: tions can be effected within the spirit and scope of the 
which would prevent roller 1 1 from fully aligning itself invention. 

to the direction of travel of the entering web portion IS I chum: , , 

^ThnrStoE a small lateral constraint on the web), 60 1. In a web support for engaging a fully coiistramed 
L c^mX^ bTp^omg roller 11 with a low- moving web having an entering portK>n and an exmng 
ttc^^isnti^huXurirface which promotes portion relative to such web support, sari -ebsupport 
betweS me surface of roller 11 and the web being of the type having a web engaging cylmdncal rol- 
slippage between me s"nacc ler which presents no lateral resistance to such entermg 

u^tit Purposes, that the alignment 65 web portion^ which angularly decouple, such exit- 
JZlTU S m^coSed entering web por- ing web portion, the improvement wh^h comprises: 
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b. means for mounting said roller on said fixed sup- 
port to statically and dynamically support said rol- 
ler solely at a midpoint, and to provide for rota- 
tional movement of said roller about a longitudinal 
axis, pivotal movement of said roller about said 5 
midpoint, and translational movement of said roller 
along said fixed axis; and 

c. means for constraining said pivotal and transla- 
tional movement of said roller to pivotal movement 
about a gimbal axis perpendicular to and intersect- 10 
ing said longitudinal axis at said midpoint of said 
roller and extending in a plane substantially paral- 
lel to such entering web portion, pivotal movement 
about a cas te r in g axis substantially perpendicular 

to such entering web portion and intersecting said is 
gimbal axis at a point upstream from said midpoint 
of said rofler, and translational movement along 
said fixed axis as required for pivotal movement 
about said castering axis. 

2. The invention of claim 1 wherein said fixed sup- 20 
port is a rigid shaft of uniform cross-section. 

3, The invention of claim 1 wherein said roller 
mounting means includes a radial ball bearing having 
a midpoint coincident with said midpoint of said rofler 
for enabling said roller to pivot about its midpoint, and 25 
a bushing about said rigid shaft for fixedly supporting 
said radial ball bearing, and for enabling said roller to 



translate along said shaft 

4. The invention of claim 1 wherein said roller 
mounting means includes a flexure member having a 
midpoint coincident with said midpoint of said roller 
for enabling said roller to pivot about its midpoint 

5. The invention of claim 1 wherein said constraining 
means includes: 

a. an outboard bearing mounted at one end of said 
roller, 

b. a constraining arm, defining a line of action, one 
end of which is mounted to said roller through said 
outboard bearing for pivotal movement about a 
pivotal axis, the end opposite said one end of which 
is mounted to a fixed frame for pivotal movement 
about a pivot point, said line of action passing 
through said pivot point and intersecting said longi- 
tudin al axis at an oblique angle and said gimbal axis 
at an upstream location, said pivotal axis being de- 
fined by the intersection of and being mutually per- 
pendicular to said line of action and said longitudi- 
nal axis; and 

c. a counterweight mounted at the end opposite said 
(me end of said roller for oc^mterbalancing said 
outboard bearing and said constraining arm to stat- 
ically and dynamically balance said roller solely at 
its midpoint 
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ABSTRACT: A supporting roller across which a fleiibie web 
moves is rotatably mounted at its midpoint on a longitudinal 
shaft and ispivotafly movable with respect to said shaft Three 
orthogonal axes pass through the midpoint The first axis is the 
longitudinal aXis of the roller, the roller is adjustably post* 
tionabte about the second axis; and the third axis is a gimbal 
axis about which the roller is free to rotate. In order to restrain 
the roller for these movements one end of the roller is pro- 
vided with a roller bearing which is connected by flexures to 
an annulus extending around the shaft In one embodiment the 
annutus is connected by a flexure arm to a tug which is longitu- 
dinally adjustable along a support post extending perpendicu- 
lar from the shaft Abo, the post is adjustably poshkmable 
about the shaft so that the direction of the gimbal axis can be 
changed. In another embodiment a spring bracket biases the 
flexure member along its axis, the amount of the movement 
thereof being limited by a setscrew. 
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WBMIWOSllNC DEVICE 

BACKGROUhlD-OFTHE INVENTION ^^«^^«^^IfthegWiaIa«fa»«ibtoiiaBy 

i P!riHrfri,„ ^ parallel to the direction of the web approach plane, the roller 

■.Fieldofthetaventhnl can be used with a web which is lateraDv constrained 

I»rt«i»ar&tom^^ web which is laterally constrain* upstream^ JaSlvc«! 

gukiesaral suitable coa*^ 

ssajBSsBSKKiassasa- ssssiSj^*^^ 

to run off one skfc of toe tttte. ft ^ t y .» Ban m^4am^ / 

across tlie nek, roBM BRIEF DESCRIPTION OF THE DRAWINGS 

n^t about a center poln^ win i ^ . * ' 

U.S.l^No.3J6litttokii^ V"? * perspective view of one form of tbc present h>- 

1964; U S pat Mo. 3315,650 to Owen ot aL which famed ^S^ 1 ^ ^ **** tor dari ^ r P™a«iatk)n t and 
Apr. 25, 1967; ami OA. PaL Noi 3,342489 Which issued to ™ . ^ . a "W ncnte, y pertpo^ view of an alternative 
Dre^c*Sept I9J96^toc^of thesV^ 

^!?^*K^^* rt *'* B, ^« <e ^ ta *'*^to . in accordance with this invention, a roHer assembly R in- 
rbeedge oi the web afld in an unstable system wfeetebyth* « d«o*a«olkw*asslio»*b 

webbc^ual^wandcriagb^andto^ tnowment id a betting member 3 having ball bearing 4 

fo«Webpiit^wh«fe«webi.ft*!|fta^ «»^t* between an tans* to 

oownstxeamcrtistrtmts.rtUdesir^ 8 at the midpoint 10 of the rotter. Ittnerrace6 is fixedlv coih 

stable idjastaWetateralporifion af the web without imposing rrccted to a .raft 12, having an axis Uaitf ejaewfinefroma 
nonuntformdre^onthe.*. - ™ „ ^orb« 14oftheS^i«^tte^i^ 

SUMMA«VOF11IE lh IVENTW J^r**^*,^^*,^^^ 
In the present invention a flat^eleMsiippon mQer for a web ^ ^ ectkm <*-artow and engages rotter 2 along an ap- 
» mounts for roUtion^ aid P* 10 ** P**« and departs therefrora sJong an exit ptaae as 

point, but the roller fa further rested for movent 35 show*. Roller support ah^ 12 b nofflmally mcwnied so as 10 
<^y one of three ortfaogoi^ M^ begette^partfld with both the a^roft^ and «rt plane of 

Orie of these axes is the longitudinal axis of the roller. The ** b I6 * HoWCTer » actual practice it is virtually impossible 
second orthogpiialaxb btlic^ «° provide such ft predae abgnn»ettt of ^ 

be adjusted, and the third orthogonal axe is tht axk about v™*?^**^ 
which the roller is free to rotate. This latter axis will be 40 f **>^tepoBilio*o^ 

referred to as the gimbal axis. Thus, by providing means for ft causes the web to seek the desired lateral position 

adjusting the direction of the totigitudinal roller axis with without wnpowng any unwanted coiutraints on web 16 as it 
respect to the web about the second axis and for allowing the t^asseatheteacross. . 

longitudinal roller axis to be free about the third or ghnbal A< ^° accom|«sh this, beating assembly 20 b provided which 
axis, a tracking roller is provided which allows adjustment of inc!ttdcs >ali beatings 22 between an inner race 23 and an 
the lateral web position at the roller and imposes the proper outcr *aee 24; fixedly oonrmcted to the roller. Conveniently, 
restraints on the web without unpositig additional unwanted outcr 24 V fiwoly mounted in the end of the roller and 
restraints, trie mner race 23 is free to rotate therein. A roller adjustment 

Tnis is accomplished in the present invention by providing r n assembly A is provided which in this embodiment includes an 
means at one end of the roller for adjustably poshjoning a Ion- aimnlus 26 extending around shaft 12 adjacent bearing as- 
gnirtnal axis of the roller about the secotul orthogonal axk «emWy 20 and is connected to inner race 23 as by a pair of 
and for posibArang the direction of the second and third Qcxure members at opposite sides thereof, 'such as flexure 
orthogonal axes with respect to the web. In one embodiment member 28. 

this adjustment means include* an annulus surrounding a Ion- 55 Three Orthogonal axes pass through midpoint 10 about 

ptudlnal shaft which is nonduUypanlhd torn anmach and whkh movement or poiition of roller 2 is important. These 

anexrtr^aneofthewcbandisconiKx^toaronerbearingat axes are rouer axis 30, adjustment axis 32, and gimbal axis 34 

ore eiid of the loUerfcr adjustably po Through rotter adjustment assembly A, the roller is con" 

annulus in turn is connected to a flexure arm extending nib- "trained so that it is free to rotate about gimbal axis 34 asU 

stantjauy perpendicularly from the longitudmal axk. A sup- 60 """Mod b y arrows 35. but is adjustably posinanabk with 

port post extends petpeati&llHy film respect t51^^Srai«roo provide to adiustrnent nn v 

and is provided with means connected to the flexure arm for adjustment po8f3Texu?Hi~p~erperlto 1 2 and 1 I 

adjustably positioning the latter wiui respect to the kwgitu- » «tt»ched thereto by a clamp 3iZAfl«uire^^ 

dinal shaft In additkm, the post U adjaMaNy monmed for from annulus 2* and has a redDcedSortion 42 which servesi* ViX^ 1 

IMvotol adjustmem about the tongitudinal shaft to adjustably 65 a pivot by Artuch fiexure arm 40 is attached to a Iup 44 ^ \J 1 1 

pontnn the ^rtctlon m which the lecoad and third is adjustiiple along post 36 by mean* of ^SuSem <X* L 

0rth ^^ M t h J^.^$ » the web. Oenveniemiy, s nuts 46. By this means the end of roller 2bmo7edT^ 
counter balancebrjrovided at the opposite en^ direction of arrows 48 to adjustably position the rolterThnut 

!^h b ^^^ lrfto ^ ,IU ^ andtonre .♦H-^Theditectm^fgSn^ 

armattheomwiteend^ 7(frc^ecTtothe approach and exit planes of the web bv means of 

J" e « nb ^ i «««. U» toure arm » cormoctcd clamp 38 which ma, be looscmxlVrotate 36 a^uT^ 

to a biasing bracket which exerts a longitudinal force on the 12 in the direction of arrows SOL The weSn of bStoaT 
™?^£^i!Z^^^** m Z? tX * 20. annulus 26 and flexure arm ^00^^^ 

hTceTn^Tf ^ Ox""™ „ "^oybyUuckeru-por^S^rheop^ 
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It will be noted that reduced section 42 of flexure 40 serves a roller for supporting a web, said roller having first and 

as a pivot point to permit rotation of roller 2 about gimbal axis second ends and a midpoint through which said 

34 without interference from the roller adjustment assembly orthogonal axes extend, said first orthogonal being 

A. Abo, flexures 28 permit pivotal movement of roller 2 about said roller axis; 

adjustable axis 32 as adjustment lug 44 is moved through its 5 mounting means concentrically arranged with respect to 

adjustment range. However, after adjustment, the position of said midpoint as the sole means for rptataMy mounting 

roller 2 about axis 32 is fixed. said roller on said shaft so that said roller axis if free to 

An alternative adjustment assembly A is shown in FIG. 2 pivot in afl directions about said midpomt. being unsup- 

whercin the reduced cod 42 of flexure 40 is attached to a U- ported at said first and second ends; " 

shaped spring bracket 52 which in turn is attached to frame or 10 first adjustable positioning means tor adjustably frxing the 

housing 14 as sfaom Spring rjosrtion of said roller axis about said second orthogonal 

ure 40 in the direction of arrow 54. The extent of iiwvement axis so that said toiler ax|s is substantially perpendiculir 

of Ocxuxe 40 b limited ty.u.»d>st*b^ to said upstream approach direction without restraining 

From the foregoing, the advantages of this invention are ' ^TfF*?} <£«^roficr about said t^ortho^«»l axis, 

readily apparent. A web^tandlmgdevice is provided which 15 J^A weiMracking dcv.ee as datmed in darm 3, further m- 

facifitate8 free movement of the roller about a simbal axisex- C ~?5 J ^. . . m 

a bearing iwaniHyanac^ to 

deriredfor the particular uae for which the roller b to be put ^ 6. A web-tracking device as datmed in claim 5, further in- 

depending on tne upsticam and downstream constraints al- chiding: 

rea^exi^ onteweb. . ^ ^ ^ cotmtertjaiaiice nieam 

The invention has been described m coiisxierabie detail gxmntri hsAaw*** mm rfr»g 

with reference to preferred embodiments thereof, but it will 7. Aweb-tiackirigdeviceasclat^ 

be understood that variations and modifications can be ef- 30 adjustable locating means rnclpdes: . . 

fected within the spirit and scope of the invention. an annuhis extending around said shaft and connected to 

We claim: said bearing; 

1. A webtracksng device for transporting a web between an arm, having a lorigirudanal axis, ex t endin g from said an- 
upstrearo and downstream c oreti aml s and having first, second irafus; 

and third orthogonal axes, said web being adapted to come 35 means biasing said arm akwg said k^tudinal axfe thereof; 

into engagement with said tracking device along an upstream and 

approach direction, said device comprising: means bruiting the movernentof saidarro in response to said 

means defining a fixed jongihirimal axis; biasing means, 

a roller for wfnmting a web, said roller having two ends 8. AweVtrackmgdevicc^ 

and a midpoint and being rotataMy supported solely at 40 locating means includes: 

said midpoint for rotation about said fixed axis said an aranilus extending around said shaft and connected to 

orthogonal axes extending through, said midpoint, said bearing: 

wherein said first orthogonal axis is said roller axis and is a support post spaced from said annulus and extending per- 

normally coincident with said fixed axis; and pcnolcularfy from said shaft; 

means for corrstiaming said roller for free pivotal movement 45 an arm extending from said annulus; 

about said third orthogonal axis as a gimbal axis and for adjustment means on said post connected to said arm for 

adjustment of said rotter axis about said second positioning said one end of said roller with respect to said 

orthogonal axis so that said roller axis is substantially per- shaft 

pendicular to said approach direction. 9. A web-tracking device as datmed in claim 9, further in- 

2. A wen-tracking device as claimed in claim 1 wherein said 50 eluding: 

constraining means includes: adjustable clamp means for adjustably connecting said post 

means connected to one end of said roller adjustably mova- about said shaft 

btc in a direction perpendicular to said fixed axis to ad- 10. A web-tracking device as claimed in claim 8, further in* 

justably position said roller about said second ortftogonal chiding: 

axis. 55 first means pivotalty connecting said annulus to said bear- 

3. A web^racking device for tr ansp or ting a web be t w e en inland 

upstream and downstream constraints and having first, second second means pivotauy connecting said arm to said adjust- 

and third orthogonal axes, said web being adapted to come ment means. 

into engagement with said handling device along an upstream A wco " trackm S device as claimed in claim 10 wherein 

approach direction, said device comprising: 60 saidfirstand second means are flexure members, 
a fixed shaft having a tongirndmal axis; 
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and being rotatabie about the pin second end, die 
rotation of the tension adjustment disc in a fh^ rotating 
direction compresses the compression spring and 
increases me tension applied by the steering roller to 
the endless belt 
13. The apparatus of claim 12, the compression spring 
having a second spring end, the belt tensioning means 
further comprising a tension release cam operatively 
coupled to the second spring end* me tension release cam 
being rotatabie about a cam axis from an tension-engaging 
position and a tension-releasing position. 

14 The apparatus of claim 13, the bett forming a belt loop 
within which me steering roller, the carnage means, me 
beh-tensioning means, and the tciision-halancing means are 
positioned. 

15. The apparatus of claim 11, the carriage center member 

having ft coupling hof^ thfc tension hrfmeing nwng nr»m- 



a carriage coupling member ejected to me ran first end 
and positioned around a portion of the carriage center 

n~^ff|nl^ftr ^ and 

a carnage coupling pin M MV*-^t ftd to tfaft &£&w liig^ coupling 
and passing through the carriage coupling hole, the 
coupling pin and the carriage coupling hole sharing a 
tension-balancing axis about which me carriage center 
member and me steering roller are rotatabie 

16 The apparatus of H*im is, the tangift n Anijitifjng axis 
benigperpendicnlarto 

me tEmrfmu haianging ariic intersecting the steering axis, the 
tension-balancing axis not intersecting me roller axis. 

17. An apparatus useful far maintaining an endless belt 
within a lateral target belt position range while the endless 
belt is transported by a transporting mechanism, the endless 
belt having a belt inner surface and a first belt edge, the 
apparatus cohhh faiag; 
a steering roller «wtnr*mg the belt inner airfare the 

steering roller having a first roller end; 
carriage means for supporting the steering roller; the 
carriage meant being pfvotafale about a steering axis 
such that the steering roller is pivotable about the 
steering axis; 

a first member positioned adjacent to the first roller end 
and functionally connected to the carriage means, the 
first member contacting the belt inner surface when the 
first belt edge extends sutldentrybeyc^ the first rcJler 
end, the first member applying greater friction to the 
endless belt than the steering roller when the belt 
contacts the first member, the first member being 
positioned relative to the steering axis such that contact 
between the first member and the belt causes the first 
member to apply a first torque to the cwrriagrt means 
about the steering axis; and 
prrot-resisting means for resisting the pivoting of the 

steering roller about the steering axis. 
18L An apparatus useful for maintaining an endless belt 
within a lateral target belt position range while the endless 
belt is transported by a transporting mechanism, the endless 
belt having a belt width, a belt inner snrtace, and a first bek 
odge, die apparatus ^ xF mp r^*F**g^ 
a steering roller contacting the belt inner surface, the 

steering roller having a first roller end; 
carriage means for supporting the steering roller, the 
carriage means being pivotafaie about a steering axis 
such that the steering roller is pivotable about the 
steering axis; 

a first member positioned adjacent to the first roller end 
and functionally connected to the carriage means, the 
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hist ineziiber contacting the belt inner surface when the 
first belt edge extends siiffirientty beyond the first roller 
end, the first member applying greater friction to the 
endless belt than the steering roller when the belt 
5 contacts the first member, the first memher being 
positioned relative to the steering axis such that contact 
between me first member and the bdt causes the first 
member to apply a first torque to the carriage means 
about the steering axis; 

10 * hf4t tenfitftiting iwpjmg far ranging tfw charing mlW tn 

apply a tensioning force against the bdt inner twiifnce; 
and 

• tengjftn balancing mwmn far nflnn/tng nSa hrft tensioning 

means to balance the tensioning force across the belt 
width. 

19. An apparatus useful for maintaining an endless belt 
within a lateral target belt position range while the endless 
belt is transported by a transporting irrchinism, the endless 
belt having a belt inner surface and a first belt edge, the 
apparatus c oy^prncing^ 

a steering roller contacting the belt inner surface, the 
steering roller having a first roller end; 

carriage means for sup por tin g the steering roller, the 
25 carriage means being pivotable about a steering axis 
such mat the steering roller is pivotahle about the 
steering axis; 

a first member positioned adjacent to the first roller end 
unit j tynff^f^n inUy ^ yy nnccti fu l to tf*^ carriage means, tfcft 

30 first member contacting the belt mner surface when the 
first belt edge extends sm^dentry beyond h^ first roller 
end, the first member applying greater friction to the 
endless belt than the steering roller when the belt 
contacts the first member, the first member being 

35 positioned relative to the steer^ 

between the first member and the belt causes the first 
member to apply a first torque to the carriage means 
about the steering axis; and 
a tension roller positioned adjacent to the steering roller, 

40 the tension roller applying a tensioning force to the belt 
inner surface. 

20. An electrophotographic system, comprising: 

an endless belt having a first belt edge, a belt inner 
surface, and a belt outer surface, the belt outer surface 
45 comprising a photoreceptive substrate; 

a charging system fox charging the phctaxeoeptive sub- 
strate; 

an exposure system for exposing the photoreceptive snb- 
strate to at least one image-wise pattero of radiation 
which creates at least one electrostatic image on the 
photoreceptive substrate; 
a development system for developing the at least one 
electrostatic image to an at least one toned image; 
55 a transfer system for transferring the toned image to a 
rcccptia, and 

a bdt-steering system for steering the belt, comprising: 
a steering roller contacting the belt inner wirfncc, the 
steering roller having a first roller end; 
60 carriage means for supporting the steering roller, the 
carriage means being pivotable about a steering axis 
such that the steering roller is pivotable about the 
steering axis; 

a first member portioned adjacent to the first roller end 
65 andiunctionally corrected to the carriage means, the 

first member contorting the belt inner surface when 
the first belt edge extends sufilciently beyond the first 
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